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1. Introduction 
Tomographic  reconstruction of explosive events require time resolved multipal lines of sight. Con- 

sidered  here  is a four (or eight) line of sight beam layout  for a nominal 20 MeV 2000 Ampere 2 
microsecond  electron beam for generation of x-rays 0.9 to 5 meters from  a given point, the "firing 
point". The requirement of a millimeter spatial x-ray source requires that the electron beam be delivered 
to  the  converter  targets with sub-millimeter precision independent of small variations in beam energy 
and initial  conditions. The 2 usec electron beam pulse allows for four bursts in each  line, separated in 
time by about 500 microseconds. Each burst is divided by a electro-magnetic kicker into four (01: eight) 
pulses, one for each  beamline. The amval time of the four  (or  eight) beam pulses at the x-ray target can 
be adjusted by the  kicker timing and the sequence  that the beams of each burst ire switched into the dif- 
ferent  beamlines.  There exists a simple conceptual  path from a four bem~line to a eight beamline 

; upgrade. 
The eight line beamline is built up from  seven  unique types of sub-systems or "blocks". The 

beamline  consists of 22 of these functional blocks  and contains a total of 455 individual magnets, figure 
1. The 22 blocks  are  inter-connected by a total of 30 straight line inter-block sections (IBS). Beamlines 
1-3 are  built from 12 blocks with conceptual layout structure shown in figure 2. Beamlines 5-8 are built 
with an additional 10 blocks with conceptual layout structure shown in figure 3. This beamline can be 
thought of as Iooking like a lollipop consisting of a 42 meter long stick leading to a 60 by 70 meter rec- 
tanguIar  candy bIob consisting of the eight lines of sight. The accelerator providins the electron beam is 
at the end of the stick and  the firing point is at the center of the  blob. 

The design allows for a two stage implementation. Beamlines 1-3 can be installed to  provide a 
tomographic  azimuthal resolution of 45 degrees. An upsrade can later be made by addins beamlines 5-8 
azimuthally  indexed so as to provide an azimuthal  resolution  of 22.5 dqrees. All eight beamlines point 
down by 10 degrees  (pitch). The x-ray converter taget can  be located along each beamline anywhere 
between 0 to 5 meters from the firing point. An example of inter-facing the Diagnostic X facility with 
the Darht I1 accelerator located at LAB1 will be given. 
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2. Scope 

This report will describe the choices we have made  and  why we made those  choices in designing 
the diagnostic X beamline. We will give the  decails of the design for each  block  used  to  build the indivi- 
dual beamlines  and the techniques used to connect  these blocks SO as the deliver the beam along the 
specified yaw and pitch angles. We will review the design  and  tuning of each of the beamlines as con- 
structed from those blocks. As an exampie of the flexibility of this design we  use through out this work 
a 2.0 meter  conjugate with actual (but not shown in this report) ability to  accommodate a 0.9 to 5.0 
meter value. Finally, we conclude with a list of things that we would reconsider if we were to redo the 
beamlines from scratch. 

3. Modularity 
The  hizh degee of modularity incorporated into the design of the diagnostic X beamline allows its 

construction  from a set of seven unique structures called "blocks". This modularity  alIows  considerable 
simplification in the tuning of the beamhe and engineering of the magnets. These seven  block types are 
in turn made up from four types of quadrupole masets,  two types of solenoid  magnets, and two types 
of bending magnets.  All eight electromagnetic kickers are of one design. Thats right, a total of 455 
magnets consisting of only nine individual  magnet  types  itemized in table 1 . 

Magnet 
1 Kicker 
2 Quad 
3 
4 
5 
6 Bend 
7 
8 Solenoid 
9 

T 

Type 
Pulsed 
Septum 
Collins 
CoIlins 
Standard 
Septum 
Dipole 
Find Focus 
Transport 

I 

Lines 
1 -4 

4 
1 
3 
6 

154 
3 

44 
LC 

29 

Table 1- 
Magnets 

Lines 
5-8 

4 
0 
0 
8 

143, 
4 

40 
4 

23 

To tal 
Number 

8 
1 
3 

14 
278 

7 
54 

S 
5 2  

Length( m) 
~ 

1.4 
0.5 1 
0.20 
0.20 
0.20 
0.5 
0.5 
0.050 
0.3 

I I 

Maximum 
Field(kG) 

0.0085 

1 .o 
i -0 

20 
3 

Diameter 
Aperture(cm) 

16 
38 
10 
16 
16 
16 
16 
4 

16 

The seven types of blocks are  designated A90, 3 10. B 4 ,  B67, B90, K90, and KQS. They ar2: 1) 
A90, 90 degree  achromatic  bend breaking  out from the acoeierator hall. 2) BIO, 10 degree  achromatic 
bend. 3) B45. approximately 1j degree achromatic bend, 4) 390, 90 degree achromatic bend, 5 )  KQS, 
kicker-quadrupole  septum beam dump system, 6) K90. kicker plus dipole septum incorporated into a 90 
desree achromatic bend. and 7 )  B67. 67.5 degree achromatic  bend indexin: lines 5 through 8 by 22.5 
degees with respect to lines 1 through 4. These blocks are itemized in table 2 . - 
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Block 
name 

1 A90 
2 KQS 
3 B10 
4 B45 
5 B67 
6 B90 
7 K90 

Number 
Lines 1-1 

1 
1 
3 
2 
0 
1 
4 

""_ 
12 

Number 
Lines 5-5 

0 
0 
2 
2 
1 
2 
3 

lo 
""- 

B Ioc ks 

Total 
Lines 1-8 

I 
1 
5 
4 
1 
3 
7 

"_" 
22 

use 

accelerator break-out 
kicker quadrupole septum beam dump 
10.0 deg achromatic bend 
45.0 deg  achromatic bend 
67.3 deg achromatic bend 
90.0 deg  achromatic bend 
90.0 deg  kicker  achromatic bend 

4. Generating the Layout 
The overall  layout  is sized by noting that the scaling laws to be discussed shortly and the 

achromatic  bending blocks  along  with their matching sections  give  blocks that are of the  order of ten 
meters  in path length. For s block that bends by angk a , we  have a geometric foot print of 
lOcosa,IOsina meters. From the accelerator exit to the firing point we will transverse  at Ieast six bIocks 
along any of the beamlines, the accelerator break-out  block. the kicker-septum-dump block, a 10 degee 
leveler block, a kicker into given line, a yaw selection block,  and a 10 degree  pitch block leadins to the 
firing point. This sets the expected size of diagnostic X to be on the  order of 60 meters. When the 
requirements for a11 eight lines are scoped  out we selected the firing point to be located at 70.0, 35.0, 
-5.90 (Global X, Y, 2) meters relative to the origin of the DX facility. Each of the eights Iines was  then 
adjusted to hit this Iocation by adjusting  seIected drifts lengths between the various blocks as will be 
discussed in next section. 

The vertical drop of 5.9 meters is the result of two  requirements. The lines  outside the accelerator 
hall  be around twelve feet below  grade  to  accommodate  access roads at grade level, and that the firing 
point  be addressed at a -10 degree pitch angle. Accommodation of a 5 meter  conjugate between the final 
focus solenoid and the firins point requires around a ten meter  section  between the last bIock and the 
firing point. At a 10 degree pitch, this drops  the line an additional 5.7 feet  resulting in the elevation of 
the firing point beins -5.9 meters  below  the acceIerator line. 

5. Hitting the Firing Point 
Each of the beamlines is defined to begin at a certain point and to md at their respective X-ray 

converter target, table 3-. The starting points of the various lines are as snown in figures 2 and 3-. 
For line 1 the ''start point" is  the exit of the accelerator. The "start points" for a11 other lines are the 
entrance  points of the S3 soIenoids matching  the kickers that switch the Iines. i z . -  the stan of the K90 
block for that beurnhe. 

- 



Table 3- 

Line Start End 
Point Point 

I 14 
8 20 

16 26 
23 32 
10 40 
36 45 
44 54 
50 60 

These  lines consists of the various magnet blocks separated by inter-block (IB) drift regions. These drift 
regions have names like B O I ,  IB02, .... IB30. These inter-block separations are used to position the  end 
of each line  onto the firing point, tables 4- and 5-. Regions that are shared between several lines 
effect all those lines and can not be adjusted to brin,o a single h e  onto the firing point. Note that each 
Iine has at  least  two inter-block drifts that  are unique to that line. Also note that drifts lB01, IB02, IB03, 
and I804 have values that have not been adjusted. 1301’s odd value reflects the continuously changing 
location of the end of the accelerator. 

Table 3 
IB distances for line;, 2, 3, and 4 

IBX length start point end point Lines effected 
IBOl 0.541 1 1 2 I ,  2, 3. 4, 5 ,  6, 7 ,  8 
IB02 1 .OOOO 3 4 1 , 2 , 3 . 4 , 5 , 6 , 7 , 8  
IB03 0.5000 5 6 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8  
IB04 9.2002 7 8 1, 2, 3, 4, 5,  6, 7 ,  8 

IBO6 4.2893 11 12 1 

IBOS 12.3689 15 16 2. 3. 4 
IB09 6.46 10 17 18 2 
IB 10 5.3160 19 20 2 
IB 11 2.7578 21 22 3. 4 
IB 12 3.4912 23 24 3 
IB 13 5.7 160 25 26 3 
IB 14 4.5235 27 23 4 
IB 15 6.25 10 24 30 -r I 

IB 16 5.5590 31 32 1 

IBOS 13.4500 9 10 1, 5 ,  6. 7, 8 

IB07 5.7175 13 14 1 



- 6 -  %if 00-2027 

TabIe 5- 
IB distances for lines 5. 4, 7, and 8 

IBX length start point end point Lines effected 
I B O  I 
BO2 
IB 03 
IS04 
IB05 
I13 17 
IB18 
IB 19 
IB20 
IB2 I 
IB22 
IB23 
IB24 
IB25 
IB26 
IB27 
IB2S 
IB29 
IB30 

0.541 1 
1 .oooo 
0.5000 
9.2002 

13 -4500 
14.3756 
5 .OS0 
4.7000 
5.7160 

5.4353 
7.3 192 
5.5590 
2.7722 
4.1656 
5.7200 
4.5289 
6.9273 
5.5600 

23.800 

1 
3 
5 
7 
9 

33 
35 
37 
39 
41 
43 
45 
47 
49 
51 
53 
55 
57 
59 

2 
4 
6 
8 

10 
34 
36 
38 
40 
42 
44 
46 
48 
50 
52 
54 
56 
58 
60 

1, 2. 3, 4, 5,  6, 7, 8 
1, 2, 3. 4, 5 ,  6 ,  7 ,  S 
l,  2. 3. 4. 5. 6 ,  7, 8 
1 . 2 , 3 , 4 , 5 , 6 , 7 , 8  
1. 5,  6, 7, 8 
5,  6. 7,  8 
5,  6 ,  7, S 
5 
5 
6,  7, 8 
4, 7, 8 
6 
6 
7, 8 
7 
7 
8 
8 
8 

For beamlines 2. 4, f j 7  and 8, the  exact  bend angle and  roll of the B45 blocks must also be 
adjusted to hit the correct elevation and yaw angles, table 6-. Here we use  the field of the nomina1 45 
degee bend (four 11.2 j degree bend magnets) and their  roll angle dong with the inter-block drifts IB9 
and IB 10 for line2, IB 14, IB  15 and IB 16 for line 4, IB23 and  IB24 for h e  6, IB28,1829, and IB30 for 
line 8, to generate the required global survey X, Y, 2, yaw and pitch coordinates.  table 7 . 

Table 6- 
“45” degree bend angle and roll 

Line Bend Field RoIl 
Degrees kG Degrees 

2 -45.5643 -0.273746 - 14.001 89 
4 45,8650 0.273750 14.00200 
6 115.5733 0.2735 14.0 
8 -45.561 1 -0.273727 -14.00338 

Table 7 show the s-ray converter coordinates 0.1 meters pass the final focus solenoid for each of the 
beam lines for a 2.0 meter conjupte, The beam at the final focus solenoid is axially symmetric so that 
the roll an$e has no sigificance. Table 8- show the firing point coordinates generated at the snd of 
each of the lines. Nor? that a11 coordinates except yaw are identical ant the firins point. 

- 
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Table 7- 
Locarion of the X-ray Converter Targets 

I Line Global X Global Y Global 2 Yaw Pitch Roll ~ 

I meters meters meters degrees degrees degrees 1 
I 

3 
4 
5 
6 
7 
8 

68.03037 
68.60733 
70.00065 
7 1.39275 
69.25027 
70.75371 
7 1.8 1963 
7 1.87982 

-5.553 12 
-5.55238 
-5.55233 
-5.5528 1 
-5.552S8 
-5.55282 
-5.55353 
-5.55 290 

35.006% 
33.60752 
33.03038 
33.6077 1 
36.8 1975 
36.8200 1 
35.75404 
34.24634 

90.00120 
45.0004 1 
-0.0000 1 

4 5  .oo 100 
257.50190 

- 157 SO600 
- 1 12.50700 
-67.49980 

-9.99999 
-10.01326 
- 10.00030 
- 10.00040 
- 10.00000 
- 1o.oooO0 
- 10.00020 
- 10.00000 

- 

90.00020 

0.000 I5 
9.8509 1 

89.99993 
9.84783 

-9.85072 

-0.00025 
-9.55202 

Line Global X 
meters 

1 70.00000 
2 70.00002 
3 70.00065 
4 70.00000 
5 70.00395 
4 70.00014 
7 70.00000 
8 70.00011 

Table 8- 
Location of the Firing Point 

Global Y 
meters 

-5.9004 1 
-5.90997 
-5.90014 

-5.900 18 
-5.90013 
-5.90083 

-5.900 1 1 

-5.90020 

Global Z 
meters 

35.00656 
35 .OOOO 1 
34.99999 
35.00040 
35,00003 
35.00025 
35 .OOOO9 
35.00010 

Yaw 
degrees 
90.00120 
45 -00032 
-0.0000 1 

45.00 100 
157.50 190 

-157.50600 
- 1  12.50700 

-67.49980 

Pitch 
degrees 
-9.99999 

- ~0.00000 
- 10.00030 
- 10.00040 
- 10.00000 
- 10.00000 
- 10.00020 
- 10.00000 

Roll 
degrees 

90.00020 
-9.85072 
0.000 15 
9.8509 1 

89.99993 
9.84753 

-0.00025 
-9.55202 

1 

The accuracy of the yaw and pitch angles is determined by the 20.1 mm prccision of the firing point 
location. If a drift of 5 meters terminate at  the FP within that tolerance, then the nominal 10 degree 
pitch angle or nominal yaw angle must be specified to within 10.001 1 desrees, approximately 4 arc 
seconds. 

4. Sizing Up the Magnets 
Take A as the full apenurc (bore)  of the beamline. We then use the following scaIing laws, table 

9-: to size the various magets  used in the Diagnostic X beamline. 

Table 9- 
The summary 

Quadrupoles "> L = 1-25 x 
Dipoles --> L = 2.1, 
Solenoids "> L = .A 
Minimum inter-magneL spacing --> L = .A 



1 have chosen. The aperture of the beamline from the exit of the  accelerator throw& the quadrupole sep- 
tum of the beamline leading to the straight ahead t q e t  and the Diagnostic X beamline is nominal 16 
cm diameter. This sets the length of the  quadrupoies,  dipoles and inter-rnagnet spacing to 

Table 10- 
The summary 

Quadrupoles L = 0.200 meters 
Dipoles L = 0.500 meters 
Solenoid L = 0.200 meters 
Spacing L = 0.200 meters 

The 16 cm aperture is set by consideration of the resistive wall instability'. This large aperture relative 
to the beam  size  alleviates problems  with  vacuum  pump  spacing  and  beam steering considerations. 

7. Magnet Naming Convention 
The beamlines consist of "blocks" separated by inter-block "IB" drift regions. Each  block  has a 

"starting and  ending point", figures 2- and 3- and consists of combinations of solenoid, quadrupole, 
and dipole magnets. AI1 solenoid  names  begin  with S, all quadrupole names begin with q, a11 kickers 
begin  with k, and all bends begin with bm. Magnets such a S3 (a solenoid) that are  part of a kicker 
biock are  post-pended by  the starting point of that  block, e.g, 

ss3a S3P03 S3 beionging  to the K90 block  switching  between lines 2, 3, 4, and 1, 5,  6, 7, and 8 
ss3c S3P16 S3 belonging  to  the K90 biock switching into line 2 
ss3d S3P22 53 belonging to the Kg0 block switchins between  Iines 3 and 4 
ss3a S3PiO S3 belonging to the Kg0 block switching into line i 
ss3e S3P36 S3 belonging to the K90 block  switching into line 5 
ssSg S3P4.4 S3 belonging to the K90 block switching  into line 6 
ss3g S3P50 53 belonging  to  the Kg0 block  switching  between lines 7 and 8 

Likewise,  the seven kickers  that  belong to the  blocks just referred to have names 

The kicker belongins to block KQS has  name KQS, a unique  name  while its matching solenoid S3 has 
name S3P04 (alias ss3) as the KQS block begins at point 4 and 53 is not a unique name. Similarly for 
bend magnets,  quadrupoles and other solenoids belonging  to  the various blocks. 

The intzr-block resions IBO1, IB02, ..... IB30 (fiyres 2 and 3) have solenoid magnets for smooth 
transport with spacins selected to minimize the beam flutter within that space. The inter-block solenoids 
are named 

where M is the number of the solenoid within that inter-bIock space. I designates inter-block. and 8 is 
the intcr-block designator 01. 02. .. 30. For example, the three transport soienoids in inter-block iBOj 
are named 
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S 1105 
S2I0.5 
%I05 

Note that all names are six or fewer characters in length3. 
The  achromatic bends  have four fold symmetry. These magets will not be given unique names as 

there are four of each type in a given system. The name will  be  post-pended  with the blocks s t d n g  
point pXX, p designates point. The bend name will s t m  with bm followed by the tens position of the 
bend angle of the total bend of the system, and the quadrupole name wiIl begin  with qoocusing, 
qd)efocusing. The bends for the B10 blocks will  then have  names bmlp06,  bmlpl?, brnlp24, brnlp38, 
and brnlp52. The bends for the B90 blocks will  have names bm9p10, bm9p42, and bm9p56. 

Quad Quad 
4 each 4 each 

bmlpXX qflpXX qdlpXX 
brn4pXX qf4pXX qd4pXX 
bm6pXX qf6pXX pq6pXX 

90 bm9pXX qf9pXX qd9pXX 

S. Beam Transport 
TRANSPORT is a computer  code for calculating properties of' charged particle system using the 

matrix  method in a six-dimensional  phase space. The  code  used in this work' was developed at LLNL 
as part of the E T A - A h ?  program  and extends the long- history of evolution of the transport code5 8 . 
The transport code had to be  modified  to  accommodate some of the requirements of the Diagnostic X 
facility, namely, enlarging arrays for the long beamlines involved in this work. Several new commands 
were  added to allow the over-plotting of the geometry layouts so several beamlines could be seen in one 
figure, f igre  1. 

The data used in the several subsystems of Diagnostic X, and the data for the entire beamlines 
are given in tables at the end of this report. This data can be used with the versions of TRANSPORT 
installed on the various LLNL Beam  Research  computers,  such as canopus.llnl.gov. The  essential  data 
format is consistent with  the original (1965) transport. Data types  and formats specific the the LLNL 
version can be removed to run the data sets with other version of transport if desired9. 

Other nsrnin_e conventions can be considered such as including a designator for "which beamline" the component 
is in. The problem with that procedure is that some beamlines share componencs with other  beamiines. making the use 
of a beamline  designator a problem. The naming convention adopted here is carried Out  through out  [his  report. 

"Interactive  Ion-Optic  Transport Code", Arthur C. Paul. 9/79/95. Under preparation for use by the LLNL Beam 
Research  Program. 
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' "User Guide for LBL Teletype and Vista Trunsporr". LBL-951, A.C.Pau1, blay 1972. 

"On-Line Calculation o l  Beam Transport Systems to First and Second Order" J.S.Coimias. Arthur C. Paul. 
UCRL- 193 14, Apri I 1970. 

<) , I  Computer Codes for pxriclt. +,ccelrrator Design and Analysis",  HrIen Stokes Dravrn. I;;c.oh: Chi Cllan. L.A-UR- 
90- 1766. LOS Alamos National  Laboratory. for zs;lnlplt: TRAXSPORT PC-BNL. TRXNSPORT-FERh[I, 
TR.ANSPORT-LBL. page 120-223. 
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9. hterface Between AcceIerator and Diagnostic X 
The diagnostic X break-out  from  the Dark I1 building is severely consmined by Iack of available 

red cstate.  There are four  magnetic  elements  added  to the nominal  Darht II beamline,  three  quadrupoles 
and the first 23.5 degree  dipole of a 40 degree  achromatic  bend. ,490. These elements are located 
between  solenoids SO and S3 of the Darht I1 beamline. The 90 degree  achromatic  bend is rolled by 10 
degees to lower  the elevation of the diagnostic X beamline. This system is followed by a kicker - qua- 
drupole  septum  system, KQS, to switch  the  beam  from the normal dump termination  into  the  diagnostic 
X transport line. The switched portions of the beam  then enter a 10 degree  achromatic  bend, A10, to re- 
establish the beam in the horizontal plane, -3.700 meters (12 feet) beIow  the Darht I1 axis. 

10. Trip to the Dump 
The  achromatic bend  system A90 deflects the entire 2 micro-second  beam  outside the shielding 

wall. There the beam enters a kicker-quadrupole  septum system (KQS) such that the  normal  beam is 
deflected into a dipole  septum bend  magnet that leads to a 80 kT beam dump capable of absorbing the 
entire 2 micro-second beam.  When the kicker of the KQS is pulsed, the beam deflection of the  kickers 
bias dipoIe is cancelled and the  beam passes through  the center of the quadrupole septum and  on to a 
series of three  more quadrupoles that re-estabIish the beam  matched to the following €310 block. When 
the  kicker of KQS is not pulsed the DC bias dipole field of 8.5 Gauss deflects the beam into the quadru- 
pole  septum with an offset from the center  of the quadrupole. This offset provides a dipole  component 
of the  quadrupole field in addition to a defocusing in the kicked  plane that magnifies the deflection of 
the  beam  leading to the dipole septum. The kicker, quadrupole septum and dipole septum provide a total 
bend of 45 degrees worth of deflection. The  beam is then intercepted by the  diagnostic X beam  dump. 

11. Trip Down the Beardine 
The beam that is not deflected into the diagnostic X dump, is kicked by the kicker of block KQS 

into the first 10 degree achromatic  bend block, B10 shared by all eight beamlines. This 10 degree bend 
brings the beam  back into the horizontal  plane  with  an  elevation of approximately 12 feet (exactly 3.700 
meters)  below  the  accelerator centerhe. The next  block  encountered is a K90 that kicks  the beam into 
lines 1, 5 ,  6, 7, and 8 or, when un-kicked,  passes the beam  un-deflected into lines 2, 3, or 4, These K90 
achromatic bend systems act as fast beam  switches  leading  to the ei$t view axes of the  diagnostic X 
facility. 

13. Achromatic Bend Systems 
Several  achromatic bend  systems  have  been considered for use in this work. figures 4-, j , and 

5 . The system based on three dipoles, DDD, is made  achromatic by adjusrins the inter magnet spat- 
i n g  figure 4-X. That spacing is positive for total deflections of less than 60 degrees. For small 
deflections thz spacing is quite large and is negative for bends larger than 60 degrees. For this reason, 
~ v e  do not consider this type of system.  The  system  based on a divided bend with a quadrupole lens at 
thz symmetry point between  the two bends,  DQD. require 3 double transverse phase space waist at the 
center of the quadrupole lens to minimize the  required aperture, f i p s  5-B. The beam ellipticity 
(flutter)  genzratsd by the  matching  quadrupoles  required to generate this double waist make this system 
unappealing for the bean  parameters considered in this work, 

The achromatic bend system chosen for Diagnostic X is based on phasz advance in four ident- 
icai quadrupole-dipoiz-quadrupole sections, 4QDQ''. Figure 6- shows a 45 dezree achromatic bend. 

- 
- 
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We will also use a 90 and 10 degree  variant. With the  element lengths derermined by the scaling laws. 
the field of each 22.5 degree bend of a 90 degee system would be 0.537 kGauss at 20 MeV. ‘4 90 
degree  achromatic bend  then has a global XZ foot print of  3.886 X 3.556 meters. The field of each 2.5 
degree dipole of a 10 degree achromatic  bend is 0.059687 kGauss with foot print of 0.55216 X 9.5401 
meters. 

This  achromatic  system is built of four identical QF-D-QD rnaGet cells. The quadrupole lens QF 
and QD are adjusted to make the total phase advance in the four identical sections of the achromatic 
bend 271 in both the horizontal  and vertical pianes. This symmetry  then leads to cancellation of almost 
all second  order  geometric aberrations and the first order  chromatic terms. 

Consider the example of the 90 degree block B90. The linear transformation matrix through the 
matching  quadrupoles QI-QLF, the achromatic bend. and the exit matching section, quadrupoles q5-q8. is 
given in the  following table. 

Table 12- 
Matrix 

-0.892 17 -0.3288 1 0. 0. 0. 1.033OE-06 
0.59254 -0.90248 0. 0: 0. 2.0 1 16E-06 
0. 0. -0.98866 0.070616 0. 0. 
0. 0. -0.13676 -1.0024 0. 0. 
4.0978E-08 -6.9984E-05 0. 0. 1. -0.36 164 
0. . 0. 0. 0. . 0. 1. 

The vector space that this matrix operates on has units of 

x(crn) 
x’( mr) 

W-0 
Y ’ ( W  

W P ( W  
ds(cm) 

The linear trmsformation matrix of the 10 desree  bend  following the KQS system  is 

Table 13- 
The summary 

-0.57479 0.36684 0. 0. 0. -1.5534E-05 
-0.56 I93 -0.90749 0. 0. 0. -2.6350E-0 j 
0. 0. -0.87509 0.36535 0. 0. 
0. 0. -0.36520 -0.90172 0. 0. 

-1.3175E-06 2.4121E-06 0. 0. 1. 3.S605E-03 
0. 0. 0. 0. 0. 1. 

Note that RI6. R26, RZ6 , and RAh matrix elements are srnai1 as required by the definition of ;1 doubiv 
achromatic bend system. 

The required quadrupole strength to make this system achromatic does not strongIy depend on the 
angle of bend 2s the frinze focusing of the dipole masnets is weak in comparison to the focusing gen- 
erated by the quadrupoles. Table 14- ~ i v e s  the parameters for the I O .  45. 67.5. and 90 degree bend 
systems. 
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Table 14- 
Quadrupoles strength 

Block Bend Qf Qd B Edge 
name Angle kG/m kG/m Kg Angle 
BIO 10 5.28944 -8.2406 0.05968 1.25 
B45 45'' 8.55949 -9.25698 0.37540 5.675 
B67 67.5 8.5723 -9.2540 -0.402556 -5.4375 
B90 9G 8.5547 -9.2370 0.537 18 11.25 

The  edge  angles  are  equal to half the angle of bend, focusing  the beam in the non-bend plane for these 
rectangular  pole face magets. The rectangular pole face makes each magnet identical to any other mag- 
net independent of its  bend an,olel3. All magnets  have 16 cm aperture with  the  bends having a length of 
0.5 meters  and  the  quadrupoles having a length of 0.25 meters. The dipole longitudinal length of 0.5 
meter and path  length of approximately 0.5 meters results from the small value of the  bend ansle of the 
individual  dipoles, bends of 2.5 to 22.5 degrees. The parh lengh is given by 

L,=pCX 

whereas  the  longitudinal width is given by 

12.1 

L, = 2p sin(!hcr) 12.2 

In the small angle lifit, L,zL, . Note  that a wedge shaped pole  magnet  with edge angles of zero pro- 
vide bend plane  focusing, but require a different winding and pole geometry for each bend angle, thus 
these  are  not  considered in this  report. 

13. The Seven Sub-systems 
The DX facility is built from seven subsystems, six of which are doubly achromatic bends  of 10, 

45, 67.5, 90, 90, and 90 degrees designated as B10, B45, €367, €390, A90, and K90. The one non-bend 
system,KQS, consists of a kicker and quadrupole septum to chop the beam from the accelerator into four 
bursts  separated by about 500 nsec. The sections of beam selected for transport to  the firing point travel 
straight  ahead, while the sections of beam not selected for transport to the firing point are deflected 45 
degrees  into a beam dump. 

Table 15 
Dipoles of the achromatic bend systems 

Total system Magnetic field Bend per gradient entrance exit 
bend, degrees Length(m1 (kG) magnet(de2) angle(d) angle(d) 
10 0.500 0.059657 2.3 0 1.25 1.25 
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non-bend piane fringe focusing at both the entrance and exit edges of the  magnets. 

14. KQS - The Beam Burster 
The kicker - quadrupole  septum  system  divides  the 2 micro-second  beam into four pieces.  Each  of 

these  pieces is further sub-divided into the beam  pulses that comprise a burst by the kickers of the Kg0 
blocks  leading to each of the eight beamlines.  When  the h c k r  of the KQS block hcks the  beam, the 
beam  passes through  the  center of the  quadrupole  septum  and  on  to quadrupoles QXH, QXV, and QXW 
that re-establishes II match to the 310 block  that  immediately  follows  the KQS  block. The beam that is 
not  kicked  is deflected into the beam dump. This system  comprised of matching  solenoid S3, kicker 
KQS, quadrupole septum Qsept, Collins quadrupoles QXH, QXV, QXW, forms the block KQS which 
fundamentally divides the 2 micro-second  beam into the four sections that comprise  the four bursts 
delivered onto the target. 

The  pulse  format onto the target for a single beamline of the eight beamline  configuration is four 
pulses of duration dT1, dT2, dT3, and dT4 each  separated by about 500 nsec. Let dt be the  rise  and fall 
times of these pulses, Then the first burst generated by KQS must  have  temporal  length 

AT? = S(dT2+2dt) 

AT3 = 8(dT3+2dt) 
AT4 = S(dT4+2dt) 

The beam that is not kicked by the kicker, is deflected one dezree by  the  bias  dipole of the kicker. After 
the 2.5 meter drift between  the exit of the  kicker  and  the start of the quadrupole  septum,  the  beam enters 
the quadrupole septum offset by 5.58 cm.  The  quadrupole is de-focusing  in  the  kicked plane. ?'he beam 
being off center in the quadrupole sees both a dipole  and  quadrupole (gradient) component  to the mag- 
netic field, The dipoIe  component  magnifies  the deflection generated by  the kicker bias dipoIe to about 
22 degrees on exit of the quadrupole.  This  beam  then enters a dipole  septum  magnet  which further 
increase  the deflection of the  beam  to 45 degrees. This beam then enters the  main SO kJ beam dump. 
figure 7. 

Table 16- 
Quadrupole  septum  and  syrnmeterizing lens 

Name Type L(m) B(kG) Aperturs(crn) 
s3 19, 0.25 1.34 16 
QXS 5.  0.5 I -4.30 35 
QXH - 5. 0.25 6.0 6 
QXV 5. 0.25 -5.0 6 
Q X W  5. 0.25 2.6 6 

The transport dxa  for the KQS block is given in table 47. The s tn ish t  ahead lengrh of this sys- 
tem is 6.94 meters.  The beam exiting KQS is matched  to  the following 10 10 degree achromatic bend 
block so as to minimize beam flutter in that system. The linear transformation matrix for this system for 
the beam kicked into the straight ahead line is given in table 17. This matrix extends from  the entrance 
of S3PO.C to the exit of QXW. 
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-0.1 1929 
1.1 161 
0.040944 

-0.46 146 
0. 
0. 

Table 17 
Matrix of s n r i g h t h e s d  KQS 

-0.111195 -0.029814 -0.035476 0. 0. 
-6.5615 0.27892 -1.6399 0. 0. 
0.24735 -0.16383 -0.98974 0. 0, 

- 1.3520 1.8365 3.1099 0. 0. 
0. 0. 0. 1 - 0.0043 167 
0. 0. 0. 0. 1. 

The beam entering the KQS system has sigma matrix 

i 

2.985 cm 
1.005 mr 0.018 

The beam exiting the KQS system has parameters matched to the input conditions of the foIlowing B 10 
bIock that minimized the beam flutter in that bIock, figure 22, and 32. 

f 
6 
d& r31 r32 1.148 cm 0.000 -0.001 
ll& r41 r33 rG 8.057 0.000 0.001 -0.946 

rll 
0.398 cm 
7.560 ITII -0.075 

After inter-block IB3, this beam becomes 

14.1 

~ rZI 
0.528 cm 
7.560 mr 0.659 

& r31 r32 0.778 cm -0.001 -0.001 
r41 r34 r43 8.057 mr 0.001 0.001 -0.578 

14.1 

The matched input beam  that minimizes the flutter in biock B10p04. 

15. B10 - The 10 Degree Achromatic Bend 

The traditional three dipole achromatic bend wi[h wedge shaped mapets  bending left, bend right. 
bend left symmetry requires a given magnet separation  to make R16 = = 0. That separation. L. is 
given by 

L 2cos(a) - 1 
" 

P sin(a) 
- 

Lvhcre p is the radius of curvature. and u. is the bend angle. W t  have solutions tvith positive L for any 
ansls cc < 60 deyess .  For ;t 10 degree bend  system 
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L - = 5.5538 
P 

This teads  to a rather long physical separation between  magnets. For this reason we adopt  the 
achromatic  four foId symmetry system  even for the 10 degree  bend  where  each dipole only  bends the 
beam by 2.5 degrees. 

The total path length through the 10 degree system along the reference trajectory is 9.6000 meten 
including the four matching quadrupoles on entrance  and exit of the  system, figure 11. The gIobal coor- 
dinate XY rectangular foot print is 0.852161 by 9.540082 meters. This system requires a quadrupole 
quadruplette at its entrance  and exit to provide  proper phase space matching. These matching quadru- 
poles have parameters approximately  given in table IS-. 

Table 18- 
10 degree  achromatic  bend matching quadrupoles 

Length Gradient aperture 
meters kG/meter cm 

Q1 0 2 O O  -3.000 16 
Q2 0.200 4.000 16 
43 0.200 3.300 16 
Q4 0.200 -5.500 16 

QF4 -6.000 
Q j  0.200 -1.2564  16 
Q6 0.200 6.6427 16 
47 0.200 -3.6742 16 
QS 0.200 -1.1006  16 

These  quadrupole settings match a 3.0 cm diameter beam into the  the 10 deFee achromatic  bend sys- 
tem. In order  to match the beam  out of the system to a round beam of 2.0 cm diameter, we  modify  the 
last quadrupole of the fourth  bend  ceIl QF4 (table 1s- above ) to -6.0000 kGM. The transpori data for 
the B 10 achromatic bend  block is shown in table 41. The I cm radius  beam exiting the B 10 blocks 
ending beamlines 1, 3, 5 and 7 provide  the correct radius for the final focus soIenoid focusing  the  beam 
onto the X-my converter targets. 

Table 19- 
Matrix of 10 degree  bend 3 10 

-0.622 17 -0.03 1949 0. 0. 0. I.679'7E-OLC 
0.64265 - 1.5743 0. 0. 0. 9.61 15E-06 
0. 0. -0.56697 0.34553 0. 0. 
0. 0. -1.0359 -1.oss-l 0. 0, 
1.0202E-05 -2.6475E-05 0. 0. I .  0.0015631 
0. 0. 0. 0. 0. 1. 



16. B45 - The 15 Degree Achromatic Bend 
The 45 degree achromatic bend  matches ;I beam of 1.5 cm radius. This match requires a quadru- 

pole quadruplette at its entrance and  exit. The total system  length (alon,a the reference trajectory) is 
10.4000 meters, figure 13. The global XY rectangular foot print is 3.68907 by 9.16118 meters. The 
actual total bend angle is 46.1414 degrees.  Remember that these 45 degree bends are "rolled" to generate 
both a 45.000 degree yaw and a 10 degree pitch leading to the target of beamlines 2. 4, 6, and S. The 
transport data for the E35 achromatic bend  block is shown in table 42. 

Table 20- 
The summary 

Length Gradient aperture 
meters kG/meter cm 

Q1 0.200 -3.000 16 
4 2  0.200 4.000 16 
Q3 0.200 3.300 16 
Q4 0.300 -5.500 16 

QS 0.200 7.0702 16 
Q6 0.200 -6.01 12 16 
47 0.300 -2,7502 16 
QS 0.200 2.7753 16 

Table 21 
Matrix of 45 degreFbend, B45 

-0.95750 -0.041361 0. 0. 0. 6-94 12E-05 
0.40943 - 1.0267 0. 0. 0. 7.9539E-05 
0. 0. -0.25050 -0.65316 0. 0. 
0. 0. 1.2800 -0.50121 0. 0. 
0.00007047 -0.0000065 0. 0. 1. -0,059597 
0. 0. 0. 0. 0. 1. 

16.1 

17. B67 - The 67.5 Degree Achromatic Bend 
The 67.5 degree achromatic bend matches a beam of 1.5 cm ndius. The tot31 system iznzth 

(along the reference trajectory) is 10.4000 meters. The ,olobaI XY recmydar foot print is 4.93010 by 
7.87375 meters. The sa t ing  of the matching quadrupoles for this block ar? sivsn in table 22 . The 
transport data for the 867 achromatic bend block is shown in table 43. 

- 
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Table 22- 
The summary 

Lsngch Gradient aperture 
meters kG/meter Cm 

Q1 0.200 
Q2 0.300 
Q? 0.300 
Q4 0.200 

QS 0.200 
Q6 0.200 
47 0.200 
QS 0.200 

-3 .ooo 
4.000 
3.300 

-5 .XI0 

7.1342 
-6.4502 
-2.161 1 
2.5845 

16 
16 
16 
16 

16 
16 
16 
16 

Table 23- 
Matrix of 67.5 degree bend, B67 

-0.95729 -0.038254 0. 0. 0. 6.956 1E-06 
0.404 15 - 1.0235 0. 0. 0. 5.2256E-06 
0. 0. -0.19769 -0.70472 0. 0. 
0. 0. 1.2923 -0.35 156 0. 0. 
1.0245E-06 -6.6803E-07 0. 0. 1. -0.19996 
0. 0. 0. ' 0. 0. 1. 

1s. €390 - The 90 Degree Achromatic Bend 
The 45  degree achromatic bend  matches CI beam of 1.5 radius. The total system Iengh (along 

the reference trajectory) is 10.050 merers, f i p - e  17. The global XY recrmgglar foot print is 5.73694 by 
5.3868 meters. The se[ting of the matching quadrupoles for this block arc g i w n  in table 21 . The tran- 
sport data for the B90 achromatic bend biock is shown in  table 44. 

- 
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Table 14- 
The summary 

Length Gradient aperture 
meters kG/meter cm 

Q1 0.200 -4.000 16 
Q2 0.300 4.500 16 
Q3 0.200 4.300 14 
?4 0.200 -6.500 16 

QFLCX 0.200 -4.000 16 
Qj 0.200 5.5’798 16 
Q6 0.200 4.7422 16 
47 0.200 1.4441 16 
Q8 0.200 0.25 19 16 

Table 25 
Matrix of the 90 degze bend, B90 

-0.59217 -0.15038 0. 0. 0. 6.30 17E-07 
0.59254 -1.0210 0. 0. 0. 1.5 142E-06 
0. 0. -0.98866 0.2835 0. 0. 
0. 0. -0.12676 -0.97707 0. 0. 

-2.2352E-08 -8.9071E-OS 0. 0. I .  -0.36255 
0. 0. 0. 0. 0. 1. 

r 

6 
< r3i fj? 1.490 cm 0.000 0.000 

I 1.491 cm 
~ V rll 3.0 12 mr -0.001 

I rLI r34 ra3 ( 2.014 mr 0.000 0.000  0.000 
c 

15.1 

19. K90 - The 90 Degree Kicker Achromatic Bend 
In order to incorporate the kicker dipole septum into the four t d l  7v2 phase advance achromxic 

sq’stem. we modify the magnet symmetry to that of a bend-quad-quad confipration. The first bend beins 
the combined  kicker. drift, septum. The beam is 3 ern in radius on enterins the kicker matchins 
soknoid S3. The exit quadrupole matching section establishes the beam IO ;t 1 .j cm radius. round 
mmhed  beam for furiher solenoid transport. figure 19” 

The total sq’s:zm length (alons the reference trajectory) from the sntrance of S3 to the exit of the 
ltlst matching quadrupole. is 11.3500 meters for the kicked beam deflected 90 degrees. figure 19. The 
s!obai Ti recranguhr foot print is 5.34710 by 7.63575 meters. The setting of the matching quadrupoles 
for this block are pivzn in table 26-. The kick provided by  the 1.400 m e m  lonp eIectro-rnu,oneric 
kicker is equivalent to a dipole bending field of 8.537 Gauss. This deflects the beam by 1.000 degree. 
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After a 2.500 meter drift the deflected beam is offset by 5.58 from the  un-kicked  beam. It is here 
that  the two beams,  the  kicked and un-kicked,  enter  the dipoie septum magnet. The kicked beam sees a 
3 13 Gauss field along the 0 5  meter length of the dipole while the  un-lacked beam passes through a 0.5 
meter region where the field is 0 Gauss. The size of the beam ;it the entrance and exit of the dipole sep- 
tum is 

Entrance  Entrance Exit Path Exit 
S3 Septum Septum  length(m) Block 

kicked 3 .oo 0.532 0.36 1 11.350 1.510 CIII 

un-kicked 3.00 0.523 0.463 6.430 1.202 cm 
The exact size of the  beam at the  dipole  septum is determined by the setting of the matchins solenoid. 
53. This setting must be ;I compromise  between  minimizing  the  beam size at the septum of the dipole 
septum and minimizinz the  beam  flutter in the  achromatic system of which the kicker-dipole septum is 
the first  component. The transport data for the  K90  achromatic  bend  block is shown in table 45. 

Table 26- 
The summary 

Length Gradient aperture 
meters kG/meter cm 

53 0.200 2.000 16 

QF4 0.200 -6.7596  16 
QD4 0.300 7.6651 16 

QS 0.200 -1.5613 16 
Q6 0.200 2.7058 16 
Q7 0.200 -5.7093 16 
Q5 0.200 4.2355 16 

-3.9595 1.4217 -0.S9096 0.42300 0. -4.5697E-05 

0. I1955 -0.1 1999 -0.397 1 I 0.39557 0 -  0. 
1.2446 -0.55405 -4.1342 1 .SA04 0. 0. 

-2.3542E-07 I .  1579E-06 - I  .639lE-E 2.2447E-07 1 .O -0.39693, 
0. 0. 0. 0. 0. 1 .o 

-1.4616 0.3923s -0.34000 0.1 lSl0 0. -1.7651E-05 
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19.1 

The straight ahead beam is  generated when the hcker is not pulsed. i.e., the  kicker is off. The 
beam passes through  the matching solenoid S3, throuzh the zero field  kicker  section,  and 3 small drift 
region to the exit soIenoid, S4. The total system length along this  reference  trajectory is 6.05  meters. 
The beam exiting the straight ahead line with solenoid S4 set to zero fieid is 

6 l  
rZ1 

1.202 cm 
6.563 mr 0.925 

r4I r34 h 3  6.563 mr 0.000 0.000 0.925 - I  r31 r3:! - 1.202 cm 0.000 0.000 
19.2 

The line transformation matrix of the Kg0 block in the un-kicked attitude extending from the entrance of 
53 to the exit of solenoid S3 is given in table 28. 

Table 28 
Matrix of kicker  switch (0ff)straight ahead line 

-1 3974 0.590 1 1 -0.48090 0.17765 0. 0. 

0.43090 -0.17765 -1 S974 0.5901 1 0. 0. 
1.2150 -0.27603 -4.0358 0.91690 0. 0. 
0. 0. 0. 0. 1 .O 0.0039879 
0. 0. 0. 0. 0. 1.0 

-4.0358 0.9 1690 -12150 0.27603 0. 0. 

20. A90 - The 90 Degree Achromatic Break-out 
The total system length {along the  reference  trajectory) from the sntrancz of quadrupole Ql  to  the 

exit of the last  matching  quadrupole, QS, is 10.5500 meters. figure 22 10 points 2 to 3 on the  top of the 
beam snve!op plot. The global XY rectangular foot print is 15.65542 by 4.65660 meters. This system is 
rolled by 10 degrees to  bend  the beam downward. The finai exit global z coordinate is -2.76047 meters: 
with a yaw and pitch of 90.001 and -9.9999 d e p e s .  The setting of the matching quadrupoks For this 
block are ,oiven in table 29-. 
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Table 29- 
The summary 

Length Gradient aperture 
meters kG/meter cm 

Ql 0.200 10.000 16 

QF  0.200 8.1777 16 
QD 0.200 -7.7163 16 

42 0.200 - 70.000 16 

QFX 0.300 -1.200 16 

QS 0.200 -1.0598 16 
Q6 0.300 0.4 1 1 1 16 
47 0.300 3.1038  16 
QS 0.300 -2.3582 16 

The transport data for the A90 achromatic bend block is shown in tabIe 46. The linear transformation 
matrix from the entrance of Q1 IO the exit of QS is given in table 30. 

Table 30- 
Matrix of the break out achromat A90 

-5.63 10 0.18059 0. 0. 0. -0.0014767 
0.53424 -0.194’72 0. 0. 0. -0.00030332 
0. 0. 2.3674 0.33629 0. 0. 
0. 0. -1.5022. 0.16640 0. 0. 

-2.4983E-04 3.423SE-05 0. 0. 1. -0.3435 1 
0. 0. 0. 0. 0. 1. 

The beam on exit of block A90 must match solenoid S3 beginning the KQS block that immediately fol- 
Iows the short inter-block drift IB3 of 0.5 meters. This match  requires a radius of 3.0 crn. 

< rll 
2.985 cm 
1.005 ITK -0.016 

1.002 mr 0.000 0.000 -0.0 17 
r31 r32 2.983 cm 0.000 0.000 

i 

20.1 



22. Timing 
There is considerable  flexibility in the timing of the pulses on the X ray converter target. Consider 

each of  the four burs= from rhe diagnostic X kicker KQS system to be divided into eight equal pulses. 
Each of these  equal  pulses  can be kicked into any of the eight beamlines of the diaznostic X switching 
system.  That is, the first pulse of burst  1 can be switched into beamline 1. or beamiine 2. or beamline 3. 
etc.  The  second pulse of the first burst can be switched  into any of the  remaining  beamlines. As to 
which pulse of any given burst are switch into which beamlines is done to minimized the temporal 
spread in the arrival times of the beams on the X-ray converter targets. Figures 24 and 25 show the 
temporal amvai times of beadines 1-4 and 5-8 switched in numerical sequence. 

The  number of possible  switching sequences are 4!=24 for four lines and 8!-4310 for eight lines, 
Tables 31- and 32- show  the  time interval and sequence  order for the 24 possible sequences of the 
four h e s  13, and the four  lines 5-3. The time interval stam with  the arrival of the head of the first 
pulse and ends with the tail of the  fourth pulse of each of the four bursts separated by approximately 
500 nsec. With firing sequence 3 4 2 1 all electrons anive within a 69 nsec window for lines 1 4 .  With 
the firing sequence 8 7 6 5 all electrons arrive within a 175 nsec window for lines 5-8, figures 26- and 
27-. 

Table 31- 
Lines 1-4 timing vs line firing sequence 

burst 1 
Duration - nsec. 

burst2 burst3 burst4 
160.20 
134.20 
160.20 
I 19.40 
134.20 
108.20 
173.41 
147.4 1 
154.79 
108.20 
128.79 
74.79 

173.41 
132.6 1 
154.79 
106.6 1 
102.79 
69.39 

117.4 1 
127.21 
128.79 
101.21 
108.60 
52-60 

160.20 
134.20 
160.20 
I 19.40 
134.20 
108.20 
173.41 
147.41 
154.79 
108.20 
125.79 
74.79 

173.4 1 
132.6 1 
154.79 
106.6 1 
102.79 
69.39 

147.4 1 
1372 I 
128.79 
101.31 
105.60 
82.60 

224.20 
133.40 
224.20 
183.40 
182.20 
164.79 
237.41 
196.6 1 
218.79 
141.30 
176.79 
122.79 
237.41 
196.6 1 
2 15.79 
154.6 1 
159.39 
1 18.59 
195.41 
19r.21 
176.79 
149.2 1 
i72.60 
13 Z.80 

576.20 
535.40 
576.20 
535.40 
5 16.79 
5 16.79 
589.41 
545.6 I 
570.79 
405.40 
511.39 
470.59 
589.4 1 
548.6 1 
570.79 
459.2 1 
5 11.39 
470.59 
343 2 1 
343.3 1 
5 24.60 
453.50 
5 24.6Q 
383.80 
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TabIe 32- 
Lines 5-9 timing vs line firing sequence 

Duration - nsec 
burst1 burst2 burst3 burst4 Firing sequence 
330.8 I 
304.8 I 
330.8 I 
289.68 
304.8 1 
278.8 1 
304.8 1 
278.8 1 
304.8 1 
278.8 1 
278.8 1 
245.40 
273.8 I 
237.68 
278.8 1 
237.68 
236.8 1 
2 19.40 
226.8 1 
200.8 1 
226.8 1 
185.68 
200.8 1 
174.8 1 

330.8 1 
304.8 1 
330.8 1 
289.65 
304.8 1 
278.8 1 
304.8 1 
278.5 1 
304.8 1 
278.8 1 
278.8 1 
245.40 
278.8 1 
237.68 
278.8 1 
237.68 
226.8 1 
219.40 
226.8 1 
200.8 1 
226.8 1 
1 85.68 
200.8 1 
174.8 1 

394.5 1 
353.68 
394.8 1 
253.65 
352.8 1 
335.40 
352.8 1 
3 11.68 
352.8 1 
311.68 
3 10.8 I 
293.40 
3 10.8 1 
269.68 
3 10.8 1 
269.68 
25 1.40 
25 1.40 
226.5 1 
155.65 
226.8 I 
155.68 
1 s4.s 1 
1 67 .LC0 

746.8 1 
705.68 
746.51 
705.68 
687.40 
687.40 
616.81 
575.68 
616.81 
575.68 
557.40 
557.40 
589.4  1 
545.28 
571.13 

511.72 
470.59 
459.41 
415.28 
441.13 
355.87 
38 1.72 
340.59 

488.87 

6 
6 
7 
7 
8 
3 
5 
5 
7 
7 
8 
8 
5 
5 
6 
6 
8 
8 
5 
5 
6 
6 
7 
7 

7 
S 
6 
8 
6 
7 
7 
8 
5 
8 
5 
7 
6 
8 
5 
8 
5 
6 
6 
7 
5 
7 
5 
6 

S 
7 
8 
6 
7 
6 
8 
7 
8 
7 
7 
5 
8 
6 
8 
5 
6 
5 
7 
6 
7 
5 
6 
5 

23. Kicker Firing Sequence 
The number of beam traversals across the septum of the dipole septums of a K90 block is deter- 

mined by the number of switching that  block  performs.  Each time the beam is switched it makes two 
crossings passed the septum. Most Kg0 blocks switch a beam puIse into its designated line once for each 
of the four bursts. This sweeps the beam across the septum ei$t times, four times starting and four 
rimes ending. 

Block K90POS switches between  lines 2 .  3. 4. and lines 1, 5: 6,  7. and 8. Depending on the exact 
sequence  desired. the  septum  can be sweepsd between 2 x 4 4  and 8 x k 3 2  times. AI1 other K90PXX 
blocks sweep the beam across the septum eisht times. Figure 30- show three timing scenarios for 
beamline firin2  szquence of 342 15756. 13,345675, and 5463728 1. These three sequence represent the 1 j 
minimum pulse duration, 2) sequential  line switching, and 3) maximum number of septum traversals. 
Here the  relarive time intervals of the pulses. T1, T2. .--. TS of the eisht beamlines are switched into 
beamlines L l  .... LS when kicker K90PXX goes positive above  the baseline of figure 30-. Note kickers 
K90P16 and above (K90P22 ... K90PjO) switch once per burst, i-e., sweep twice across the septum per 
burst. Kicker KQS switches once per burst. while kicker K90P03 switch be:ween one and four times 
dependins on the desircd sequence. 



24. Beamiine 1 

Beamhe 1 extends  from the exit of the accelerator to the firing point with ai1 other beamlines 
branching from it. figure 31, Beamlines 2. 3, and 4 branch off at the location of the first K90 block 
when that block is off. When this block is fired. the  beam is kicked into the remaining sections of beam- 
line I which  lead to either a B90 (B90PiO) block in the four beamhe option. or a K90 (K90P10) block 
in the eight beamline option and subsequently onto lines 5 through 8. 

The transport data for this beamline. starting at the accelerator  exit and extending to the firing 
point is given in table 48-. The data is a sequence of the data for blocks A90, KQS, B10, K90, K90, 
and B 10 with the necessary  inter-block drifts. The inter-blocks drifts of sufficient length are divided into 
shorter segments with transport solenoids to  focus  the  beam. The match sections are adjusted to the 
nominal 3 cm diameter beam. The beam envelope is shown in figures 32- and 33 . Figure 32 show 
the horizontal and vertical beams over plotted on the  upper  frame. The lens h a g  been  adjusted to 
minimize the beam profile changes.  The lower three frames are the horizontal  and vertical phase space 
and the beam spot  size at the X-ray converter target. Figure 33 is the same plot with  the  horizontal and 
vertical traces above and below the axis. In addition, the ratio of the maximum value of x/y or Y/X is 
plotted. This is the flutter which we try to minimize. nutters of a few,  one to eight are not a problem 
€or beams that are small in comparison with the pipe diameter. 

Table 33- 
data.L 1 

Name x(cm> y(cm> r2 1 r43 Lc(rneters) 
IOP 1 0.5 12300 0.5 12300 -0.008690 -0.008690 3.327000 
IOP2 0.606200 0.606200 0.534710 0.534710 3.888100 
IOP3 2.985000 2.993500 -0.015670 -0.017 100 14.738 100 
IOP4 2.985100 2.993400 0.018010 0.016390 15.738100 
IOP5 0.398000 1.147800 -0.075240 -0.945910 312.698100 
IOP6 0.j278OO 0.777800 0.659370 -0.877950 23.198 100 
IOP7 0.764jOO 0.759500 0 . 0 0 1 ~ 0  0.002370 33.243100 

IOP9 1.510700 1.514300 -0.000690 -0.001560 53.795300 
IOP 10 3.067700 3.062500 0.870340 0.8692 IO 67.245300 
IOPl 1 1.48 j 100 1.492500 -0.001260 -0.002820 78.598300 
IOP12 1.13j.tOO 1.137200 -0.581160 -0.588150 52.857600 
IOP13 1 .OOLtOOO 1.016000 -0.001980 -0.000740 92.937600 
IOPTAR 0.032900 0.032800 0.035350 0.033830 98.655 100 

rops 3.012800 2.993300 0.949340 0.945 140 42.445300 

i 

Three locations along beamline 1 have a six cm diameters at the match point into the K90 blocks 
designated IOP4. IOPS, and IOPIO, table 33. The beam  diameter at the exit of the “off’ K90 blocks is 
three cm, points IPP9 and IOPl I. The final transport to the X-ray converter target is adjusted to producz 
a tight spot, sub-millimeter a1 IOPTAR, The linear transformation matrix from the exit of thz accelera- 
tor. through a11 blocks of beamline 1 to the X-ray converter target is 



Table 33B 
I\ilatrix of beamline 1 

-4.3255E-03 2.3 13lE-03 5.32SlE-02 -2.9050E-04 0. -8.4499E-05 
-7.3134E+01 -6.9999E-01 i.j581E+OI 1.4127E41 0. -8.4943E-0 1 
-5.7149E-02 9.4997E-04 -1.01 19E-02 -2.1489E-03 0. -2.5552E-05 
-3.6259E+01 -1.3883E+OI 6.701  1E+OI -2.7797E+OO 0. -4.6825E-0 1 
-2.33 10E-03 2.52 18E-04 1.lSO3E-03 -2.3727E-04 I .OOOOE+00 - 1.1044E+00 
0. 0. 0. 0. 0. I .0000E+00 

25. Beamline 2 
Beamline 2 begins at point 8, figure 34" The beam passes undeflected by KPO8 and is kicked 

by bIock -16 into block B45 which bends by about 45 degrees but is rolled counter-clockwise to gen- 
erate both the desired yaw and pitch angles addressing the X-ray converter target. Inter block spacings 
IB9 and IB 10 are used to hit the firing point- 

The transport data for this beamline, starting at the accelerator exit and extending to the firing 
point is given in table 49-. The beam envelope is shown in fisures 35- and 36-. 

Table 34 
data.L2' 

Name 
IOP3 
IOP5 
IOP7 
IOPS 
IOP15 
TOP16 
IOP17 
IOPlS 
IOP 19 
IOPTAR 

x(cm> 
2.985000 
0.398000 
0.759500 
3.012soo 
0.59 1 SO0 
3.082500 
1.346200 
I X9600 
1.499400 
0.025400 

y@m> 
2.993500 
1,147800 
0.764600 
2.993300 
0.594600 
3.076500 
1.346000 
1 .%7600 
1.499800 
0.025200 

r2 1 
-0.015670 

0.002570 
0.949340 
0.308210 
0.332650 

-0.2573 10 
-0.029550 
-0.0002 10 
-0.029550 

-0.075240 

r43 
-0.0 17 100 
-0.9459 10 
0.00 1040 
0.948 140 
0.306920 
0.333070 

-0.37 1 10 
-0.026830 
-0.000650 
-0.0256 10 

Lc(meters) 
13.735 100 
22.698100 
3 3 245 100 
42.448300 
45.498300 
60.561200 
72.2 1 1200 
78.863400 
89,263400 
94.805600 

The linear transformation matrix from the exit of the accelerator. through ail blocks of beamline 2 to the 
X-ray converter target is 

Table 34B 
Matrix of beamline 1 
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26. Beamline 3 
Beamline 3 begins at point 16,  figure 37" The beam passes  un-deflected by '8208 and KP16 and 

is kicked by block KP22 into block B10P22 which bends 10 degees down  generating the desired pitch 
angle. Enter-blocks IB 1 1. IB 12 and IB 13 are used to hit the firing point. Once IS l1 is determined. it 
can not be further adjusted as it also effects beamline -4. 

The transport data for this beamline. starting at the accelerator exit and  exrending to the firing 
point is siven in table 50-. The beam enveiope is shown in figures 38- and 39-. 

Table 35- 
datrt.L3 

Name x(cm> Y m-0 r2 1 r43 Lcimeters) 
IOP2 0.606200 0.606200 0.534710 0.3347 10  3.888100 
IOP3 2.985000 2.993500 -0.015670 -0.017100 14.738100 
TOP4 2.985100 2.993400 0.018000 0.016390 15.738100 
IOP5 0.398000 1.147300 -0.075240 -0.9459 10 22.695100 
row 0.759500 0.764600 0.002870 0.001040 33.248 100 
IOPS 3.012800 2.993300 0.949340 0.945140 4 2 . 4 8 3 0  
IOPl5 0.593.800 0.594600 0.3082 10 0.306920 48.498300 
1 0 ~ 1 6  3.082500 3.076500 0.332650 0.333070 60.861200 
IOP2 1 0.945300 0.944100 0.373040 0.572730 66.911200 
IOP22 2.664100 2.663400 0.984910 0.984930 69.675000 
IOP23 1.500400 1.499800 -0.000050 0.000040 8 1.025000 
TOP24 1.345000 1.345400 -0.645940 -0.647250 54.5 16200 
IOP25 0.981500 0.992100 0.~00100 -0.000410 94.566200 
I O n A R  0.029000  0.033900 -O.O14s'.fO -O.OZO?O 1OO.2822OO 

f 

The linear transformation matrix from the  exit of the accelerator.  throuzh all blocks of beamline 3 to the 
X-ray converter target is 

Table 35B 
Matrix of beamline 3 

- 1 S559E-02 -4.0237E-03 2.9304E-02 42945E-04 0. 5.2143E-05 
1.6342E+02 -4.5450E+00 -1.7091Et00 9.2719E+00 0. -3.603OE-0 1 

-1.09S4E-03 -2.5899503 -3.5961E-02 - 1.23 10E-03 0. -6.4473E-05 
1.0489E+OZ -5.2936E-02 5.3 l.tOE+O 1 - 1.4422E+O I 0. 6.9704E-0 I 

-3.0799E-04 1.3163E-05 3.9131E-03 2.27SOE-04 1.0000E+00 -7.0359E-01 
0. 0. 0. 0. 0. 1 .rJOCOE-OO 



R i i I  00-2027 

IOP4 
IOP5 
IOW 
IOPS 
IOP 15 
IOP 16 
IOP2 1 
IOP22 
IOP37 
IOP25 
I O E 9  
IOP30 
IOP3 1 
EUPTAR 

2.985 100 
0.398000 
0.759500 
3.012800 
0.59 1800 
3.082500 
0.945300 
2.664100 
1.764200 
1.530300 
1.25 1000 
1 SO0200 
1.501 700 
0.022900 

3,993400 
1.147800 
0.764600 
2.993300 
0.594600 
3 -076500 
0.944100 
3.663400 
1.743500 
l.S?SLFOO 
1.250500 
1.50 1 100 
1.5 10600 
0.022900 

0.013000 

0.002570 
0.949340 
0.308210 
0.332650 
0.573040 
0.9849 10 
0.358840 

-0.075240 

-0.587 190 
-0.000500 
0.286970 
0.001360 

-0.002670 

0.0 16390 
-0.9459 10 
0.00 1040 
0.948 140 
0.306920 
0.333070 
0.372780 
0.984920 
0.369320 

-0.5868 10 
-0.000100 
0.288360 
0.00 1690 
0.0000 10 

15.738100 
22.698 100 
33.348100 
42.45300 
48.498300 
60.861200 
66.91 1200 
69.675000 
75.725000 
80.238500 
90.298500 
96.549500 

106.9495OO 
1 12508500 

The linear trans-Fomation matrix from the exit of the accelerator, through all blocks of beamline it to the 
X-ray convener target is 

Table 36B 
Matrix of beamhe  3 

2.1409E-03 3.6914E-04 -2.1563E-02 -2.7520E-03 0. 1.063 IE-05 
-3.5779E+01 1.0'77itE+O 1 1.7923Ei02 - 1.0556E+O 1 0. 5.4549E-02 
2.0375E-02 2.8159E-03 6.7937E-04 2.0612E-03 0. 2.0953E-06 

-1.5350E+02 1.0116E+01 -1.3538E+02 1.3304E-01 0. 3.2854E-02 
-1 2 7  15E-04 2.0876E-05 2.5279E-04 1.26 13E-05 1.0000E+00 -7.5664E-01 
0. 0. 0. 0. 0. 1 .COOOE+00 

23. Beamline 5 

Beamlinz j begins at point 10 dong beamline I ,  figure 43" KP10 is off and passes the beam 
through a 67.5 desree bend to index lines 5 through 3 23.5 degree from lines 1 through 4. Block KP36 
kicks the beam into block B10P38 which generates the 10 degree phch angle and  on to target 5.  The 
firins point is hit by adjusting inter-block separation IB18, IB19, and IB20. 

The transport data for this beamline, startins at the accelerator e ~ i ~  and extending to the firing 
point is given in table 52 - . The beam envelope is shown in figures 44- and 



I Name 

IOP5 

IOPlO 
IOP33 
IOP34 
IOP35 
IOP3 6 
IOP37 
IOP38 
IOP39 
IOPTAR 

x(cm) 
0.5 12300 
0.398000 
3.012800 
I 3 10700 
3.067700 
1.542700 
2.239300 
0.385500 
3.004400 
0.5 1 1000 
0.940300 
I .032700 
0.029400 

y k m >  
0.5 12300 
1.147800 
2.993300 
1.5 14300 
3.062800 
1.539600 
2236200 
0.496700 
2.943 IO0 
0.475200 
1.108800 
0.926800 
0.035 100 

r2 1 
-0.008690 
4.075240 
0.949340 

0.870340 
0.489060 
0.539  130 

-0.0006 10 
0.984420 
0.238800 
0.305930 
0.1 18800 
0.1 11980 

-0.000690 

A 3  
-0.008690 
-0.9459 10 
0.945 140 

-0.001570 
0.869210 
0.48 1360 
0.533630 
0.000380 
0.983030 

-0.182530 
0.4674 10 

-0.1 12310 
-0.023450 

Lc(meters) 
3.327000 

22.698 100 
32.448300 

67.243300 
73.298300 
87.673900 
95.073900 

103.128900 
114.478900 
119.178900 
129.228900 
134.94900 

53.798300 

The linear transformation matrix from the  exit of the accelerator, through all blocks of beamline 5 to the 
X-ray converter target is 

Table 373 
Matrix of beamline 5 

9.5776E-03 -2.164OE-03 4.645OE-02 -1.7520E-03 0. -6.240 1 E-05 
9.089.FE4 1 5. j4OOE-U 1 8.328OE+Ol 1.3985E+O 1 0. 2.850 1E-0 1 

-4.8330~-02 -3.0530~-03 -1.990lE-04 2.9235E-03 0. - 1.5294E-04 
9.454jE+01 -1.0431Ei-OI -6.9165E41 3.9959E-01 0. 2.4547E-0 1 

- 1.0924E-03 2.9264E-04 -7.7643E-04 -1.14J7E-04 l.OOOOE+OO - 1.2883E-+OO 
0. 0. 0. 0. 0. I .0000E+O0 

29. BeamIine 6 
Beamline 6 besins at point 36 of beamline 5. figure 44-. KP36 is off and passes the beam 

through a 90 degree bend on to block KP44 which  kicks the beam into block B345P46 which generates 
the required pitch and yaw for target 6. The firins point is hit  by adjustin: inter-block separation IB22. 
IB23 and IB24 

The transport data for this beamiine. starting at the accelerator Z x i t  and extendins to ths firing 
point is given in table 53-. The beam envelope is shown in h p - e s  17- and 4S-. 
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Table 38- 
data.LQ 

Name x(cm) y(cm> r2 1 r43 Lc(meters) 
IOP 1 0. j 12300 0.512300 -0.008700 -0.008700 3.327000 
IOPLC 2.985300 2.993300 0.017930 0.0163 10 15.738100 
IOP5 0.398000 1.147700 -0.075350 -0.9459 10 22.698 100 
IOPS 3 .O 12700 2.993200 0.949330 0.943 120 42.448300 
IOPlO 3.067900 3.062300 0.570360 0.369230 67.248300 

IOP34 2,339300 2.236300 0.539050 0.543640 87.673900 

IOP36 3.004200 2.943300 0.984420 0.983030 103.128900 
IOP42 1 -24 1700 1.228300 0.250640 0.2 14500 13 1.978900 
IOP43 0.522300 0.469000 -0.007520 -0.013370 142.0~9000 
IOPLW 2.872400 3.177300 0.973280 0.982390 147.464400 
IOPLFS 1.043 100 1.048400 -0.037090 -0.007730 158.8 14600 
IOP47 0.961000 1.062800 -0.085090 0.108630 176.134000 
IOPTXR 0.031700 0.03I800 0.008120 0.008650 182.093000 

ropx 1 .j42800 1.539600 0.489 140 0.48 14 10 73.298300 

IOP35 0.485800 0.496700 -0.000580 O.OO0440 98.073900 

-3.6275E-02 -3.77 j2E-03 2,3822E-02 9.6617E-04 0. - 1.9037E-04 
1.2834E+02 -1.0412E+01 -3.8696E+Ol 42131E+00 0. I .7 100E-02 

4.4553E-tOl 3.379 jE+00 1.6804E+02 4.9025E+00 0. 2.4034E-01 
-2.4 I 19E-03 2.768 1 E-04 1.4934E-03 5.5337E-05 1.0000E+00 - 1.7 196E;OO 
0. 0. 0. 0. 0. 1.0000E+00 

1.4S41E-02 -1.9661E-03 1.8961E-02 -4.5311E-03 0. 7.4648E-05 

30. Beamline 7 

Beamline 7 begins at point 44 of beamline 6 ,  figure 49. KP44 is off and passes the beam through 
to KPSO which kicks the beam into 310P52 generate the 10 dzgrez pirch for target 7. The firing point is 
hit by adjusting inter-block separation IB25, IB26 and IB27 

The transport data for this beamline. startins at the accelerator exit and mrsnding to the firing 
point is given in table j4-. The beam envelope is shown in fizures 50- and 51-. 
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Table 39- 
data.L7 

00-2027 

Name 
IOPl 
IOP4 
IOP5 
IOP8 
ZOP9 
IOPlO 
IOP3.c 
IOP35 
lOP36 
IUP42 
TOP43 
IOP* 
IOP50 

IOP53 
IOETAR 

1 0 ~ 5  1 

X(ClTl> 

0.5 12300 
2.985 100 
0.398000 
3 .o 12800 
1.5 10700 
3.067700 
2.239300 
0.485300 
3.004400 
1 2 4  1800 
0.522300 
2.872300 
2.758500 
1.008000 
0.979400 
0.03 1900 

Ykm> 
0.5 12300 
2.993400 
I. 147800 
2.993300 
I .5 14300 
3.062500 
2.236200 
0.496700 
2.943 100 
1.228300 
0.469 100 
3.177200 
2,557500 
1.002500 . 

1.03 1400 
0.034 100 

r2 1 
-0.008690 
0.0 L 8000 

-0.075240 
0.949340 

0.870340 
0.539 120 

0.98420 
0.250680 

0.973280 
0.9820 10 

-0.000680 

-0.0006 10 

-0.007600 

-0.00 1 SO0 
-0.054200 
0.042880 

r43 
-0.008690 
0.016390 

0.945 140 

0.869220 
0.543630 
0.0003 80 
0.933030 
0.3 1w20 

-0.013380 
0.982390 
0.984500 
0.025770 
0.0 17550 
0.039500 

-0.9459 10 

-0.00 1560 

Lc(meters) 
3.327000 

13.738100 
22,698 100 
42.443300 

67.248300 
57.673900 
98.073900 

103.128900 
13 1.978900 
142.029000 
147.464400 
156.286600 
167.636800 
18 1.852600 
157.572600 

53.798300 

3.0503E-02 -2.9203E-03 1.8716E-03 3.73 1SE-03 0. -3.1466E-05 
9.3044E3+01 7.17,43E+OO -1.3633E+02 1.1743E+OO 0. 5 .396E-0 i 
3,6657E-02 -2.5632E-03 3.3273E-03 -3.8983E-03 0. 5-95 17E-05 
7.9462E+01 7.7325E;OO 1.3541E+03 4.4657E-02 0. -1.9753E-01 

-7.5524E-04 1.2jjSE-04 I ,  I-HOE-03 -2.8354E-04 1.0000E+00 -1.6247E~00 
0. 0. 0. 0. 0. 1.0000E+00 

31. Beamline 8 

Beamhe  8 begins at point 50 of be;lrniins 7. fisurej2.-. KPSO is off and passes the beam 
through blocks B90P56 and B4jP53 generatins the rcquired yaw and pitch for cargec S. The firing point 
is hit by adjusting inter-block separations IB2S. 1B29. and I B N .  

The transport data for this beamline, stxtinz at the accekrator exit and extendin2 to the firing 
point is given in table jj-. The beam envelope is shown in  fizures 53- and 34-. 
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TabIe 40- 
data.LS 

Name 
IOP 1 
IOPS 
IOP 10 
IOP34 
IOP35 
IOP36 
IOP42 
IOP43 
IOPU 
IOP50 
IOP56 
IOP57 
IOP58 
IOP59 
IOPTAR 

x@m> 
0.5 12300 
3.012500 
3 -067700 
2.239300 
0.455800 
3.004300 
1.241800 
0.522300 
2.872200 
2,758500 
2.3 13900 
1 .O 12900 
1.336200 
0.993200 
0.034500 

,v(cm) 
0 5  13,300 
2.993300 
3.062900 
2.236 100 
0.496700 
2.943 100 
1.228300 
0.469 100 
3.177300 
3.357400 
2.2 60000 
1.002400 
1.365400 
1.046000 
0.032000 

r2 1 
-0.008690 
0.949340 
0.870330 
0.539090 

0.984420 
0.250720 

-0.0076 10 
0.973250 
0.982010 
0.359 150 

0.370930 
0.027430 

-0.058550 

-0.000630 

-0.003800 

r43 
-0.008690 
0.948 I30 
0.569230 
0.543590 
0.000400 
0.983030 
0.2 14460 

-0.013350 
0.982390 
0.984500 
0.265080 

-0.001 240 
0.328400 

-0.033070 
0.090130 

Lc(meters) 
3.327000 

42-44s 100 
57 248 100 
87.673700 
98.073700 

103-128700 
131.978700 
142.023800 
147.454200 
156.286400 
166.365300 
176.915500 
183.842900 
194.243200 
199.803200 

The linear transformation matrix from the  exit of the accelerator, through all blocks of beamline S to the 
X-ray converter target is 

Table 40B 
Matrix of beamline S 

-1.6430E-02 -6.2993E-04 2.5657E-02 3.5896E-03 0. - 1.9233E-04 
2.3376E+01 -l.OOlSE+Ol -1.0527E+02 5.4224E+00 0. 2.59 1SE-02 

-3.1398E-02 -1.5 161E-03 -1.3692E-02 -3.6428E-03 0. -7.602OE-06 
4.3403E+O 1 - 1.0899E+O'l 1.1484E+02 -3-7227E+00 0. -6.1623E-02 

-7.1570E-04 1.9302E-04 1.7870E-03 - 1.3mE-04 1.0000E+UO - 1.6779E40 
0. 0. 0. 0. 0. 1.0000E+00 

32. Yet Reborn Again 
Lets consider what we might do differently i f  we had to  revisit the design of [he diagnostic X 

beamline from the start. ah yes, as I have done  already  several times. 

I The decision to use bends  based on four foId symmetry was driven by concerns about adverse 
effects of large beam flutter in a space charge environment. Should rhese concerns be un- 
warranted. the total system size and magnet count could be reduced by L15e of DQD achromatic 
sysrerns. f i p - 2  5- with a larger allowed flutter. 



TRXSSPORT data for the 10 degree achromatic bend system. 
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Table 42 

RM 00-2027 

TRXNSPORT d m  for the 15 degree achromatic bend system. 

0 
13 2.1 
i5 I I  \.(eV/C 0.001 
16; I 
!6  1 Y 
16 5 Y 
16 16 0.08 
' 2 0 0 0 0 0  I 
14099 

I 1.5 2 1.5 2 0 0 10.5044 
13 Or15 
-26 0.01 1OOO 
6 7 8 4  
3 2.0 
-10 14.0 
5 0.2 -3.0 1 0 0  q l  
3 0.1 
5 0.2 4.0 1 0 0  q2 
3 0.6 
5 0.2 3.3 1 0 0  q3 
3 0.2 
5 0.2 -5.5 1 0 0  qJ 
3 0.75 
9 4  
5 0.1 S.55949 L O O  qd4 
3 0.2 
1 5.675 0 
4 0.5 0.27540 0 bm12 
2 5.675 0 
3 0.2 
5 0.1 -9.15698 100 qf4 
3 0.1 
9 0 
3 0.4 
j 11.3 70702 100 95 
I 0.2 
5 0.1 4.01 12 I 0 0  q6 
5 0.25 
5 0.1 -2.7502 1 0 0  97 
3 0.1 
5 0.2 2.7753 1 0 0  qY 
3 1.5 
13 1 
73 
I ?  
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Table 43 
TRANSPORT data for the 67.5 deGe achromatic bend system. 

DATA comments 

~uppress vcrboze output io output rile 
Momentum in hIeViC 
r e s t r n w  - 1 electron 

default horizontat bend 1/2 apenure 
default v d c d  bend 1/2 avnurc 
scAe quadrupole apenure (100x0.08=Scm 1 

1% o f f  energy centroid wcIor 
piot scde 9cm 
beam 
correlarmns 
space c h q e  
plot scale for solenoid 
plot scale lor bends 
2 meter drift 
entrance marching  quad 

enlnnce mchtns  quad 

enrnnce m c h l n ~  quad 

entrance matching quad 

repz 4 times 
achromatic quad pi/! phase advance 

venicaI e d e  fringe fwusing 
bend magnet 
VeKiCal edge fringe focusing 

xhromatrc q u d  p i i l  phae advsnc: 

end repex 

s x i ~  marching quad 

exit rnatcbing quad 

exi l  matchins quad 

exit matching quad 
drift 2 rneren 
ksrn round at waist. r=1.5cm 
end d m  case 
end all data 
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Tabie 44- 
TRANSPORT data for the 90 degree achromatic bend system. 

DATA comments 
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Table 45- 
TRANSPORT data for che 90 degree kicker acnromatic bend system. 



Table 46 
TRANSPORT data for the 90 degree accderator break-out 

DAT;\ zomments 
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DAT.4 
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i 

Table 4s- 
Transport data tile: data.L! 

I 

I 

I 

, 

1 
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Table 49- 
Transport data file: data.L2 

13 2.1 
1 6 3  1 
L6 6 -0% I 
16 16 0.08 
16 19 -1 
2 4 0 9 Y 0 0 0  
13 L2 
14 S 0 0 -0.851 0 0  
I O . j  6 0.5 6 0 0 10.5W klml 
1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
6 7 5 4  
6 6 13 13 
6 7 12.7 19 
19 4.178 1.6009 1703~ 
3 0 . l l l l  
6 7 S.5 19 
I9  0.25 0 ESO 

10 -10 rol0 I 
3 0.1 
5 0.2 10 I 0 0  qIpO3 
2 0.2 
5 0.2 -10 100 q2p02 
3 0.4 
9 3  
5 0.2 9.1777: 100 qr9pOI 
3 0.1 
3 -1 1 . 3  0 
4 0.3 -0.537192 0 brnYp02 
2 -1 1.35 0 
1 0.2 
5 0.2 -7.71653 100 qd9p02 
3 0.2 
Y O  
5 0.3 S.17775 : 0 0  qr9pOl. 
3 0.2 
1 -; 1.15 0 
4 0.5 -0.537 IS2 0 brngp02 
2 -11.35 0 
3 0.2 
5 0.1 -1.1 100 qx9pOl 
3 0.2 
3 1.1 
2 1  
5 0.2 -1.059s L O O  q5pO2 
3 0.1 

3 0.2 
5 0.2 0.41 I I 1 0 0  q6p)3 
3 0.25 
5 0.2 3.1038 1 0 0  q7pE 
3 0.3 
3 0.2 -2.3582 100 q8@2 
3 i lxx 
13 I iopl 
19 0.25 1.34 s3pO-r 
3 0.25 
4 1.4 0 0 kqs 
5 1  
3 0.5 
3 0.5 
3 0.5 
16  16 0.19 
5 0.51 4 . 5  IOUqseptm 
3 0.25 
16 16 0.06 
5 0.25 6 I o 0  qxh 
3 0.9 
5 0.25 -5 I00 qxv 
3 0.25 
5 0.35 2.6 1 0 0  qxw 
16 16 0.08 
13 I iopj 
3 0.5 Ixx 
10 90 ro102 
5 0.2 -8 100 ql$6 
3 0.2 
5 0.1 4 1 0 0  q1@6 
3 0.6 
5 0.1 6 1 0 0  qlFof ,  
3 0.2 
5 0.2 3 . 5  1IXI qlpi16 
3 0.4 
9 4  
j 0.2 X.2S9-U 1 0 0  qdl@ 
3 0.2 
4 0.5 -0.0596S7 I) hrnlp)6 
3 0.2 
j 0.1 -8.2406 I C 0  qflpd6 
3 0.1 
9 0  
3 0.4 
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Table 50- 
Transport data file: data.L3 

I 

I 

, 

5 0.2 4.1652 i o 0  q9p06 
10 -90 mi03 
13 I io07 
3 1  
3 1  
I9 0.1 I sliW 
3 1  
3 1  
I9 0.1 0 s 2 i N  
3 1  
3 1  
19 0.2 0 s3iO-l 
3 1  
3 1  
3 0.6002 
13 I iopl 
19 0.2 1.6 s3pOS 
3 0.3 
1 1.4 0 0 kpO8 
3 1  
3 0.5 
3 0.5 
3 0.5 
-1 0.5 0 0 bsep0S 
3 0.5 
3 0.5 
19 0.2 0 sii08 
13 I ioplj 
3 1  
3 1  
3 1  
19 0.2 I r3i09 
3 1  
3 1  
3 1  
19 0.2 I s3iOS 
3 1  
3 1  
3 1  
I9 0.3 0 s4i0S 
3 1  
3 1.76192 lvx02 
13 I lop16 
19 0.3 1.44 s3plh 
3 0.25 
4 1.4 0 o kp16 

3 0.2 
3 0.2 -5.5 100 q4pX 
3 0.5 
9 4  
5 0.2 5.3SY-U L O O  qdlp2-l 
3 0.3 
4 0.5 0.059687 0 Srnlp34 
3 0.' 
5 0.2 -8.306 IW qilp2-t 
3 0.2 
9 0  
3 0.4 
5 0.2 6.46505 100 qjp14 
3 0.2 
5 0.2 -0.9" 1Go q6p24 
3 0.25 
5 0.2 -+.SI059 1 0 0  qip2-l 
3 0.1 
5 0.2 3.40125 i o 0  qSp3-l 
20 -90 
13 1 iop25 
3 0.5 
? I  
19 0.2 1.4 sf113 
5 2.360 Ivy73 
3 0.5 
3 0.5 
3 0.5 
19 0.05 IS.0ZUI iff? 
3 0.1 
I3 I ~ o p r ~ r  
3 2 firepnr 
t5 t ioiu 
2 1 Y 2 2 0 0  
21 S 5 '00 



Table 51- 
Transport dam file: data.L4 

I 

I 

19 0.1 0 s 3 i M  
3 1  
3 1  
3 0.6002 
13 I iop8 
19 0.2 1.6 sjp08 
3 0.15 
4 1.4 0 0 kp08 
3 1  
3 0.3 
3 0.5 
3 0.5 
4 0.5 0 0 bsepO8 

j 0.5 

13 1 lop15 
3 1  
3 1  
3 1  
19 0.2 I s2iOS 
3 1  
3 1  
3 1  
19 0.1 I s3iOS 
3 1  
3 1  
3 1  
19 0.2 0 GiOS 
3 1  
3 1.76192 lvr0l 

3 0.5 

IY 0.1 0 rIiOS 

13 I i0plS 
19 0.2 L . 4  $ 3 ~ 1 6  
: 0.25 
4 i.4 0 0 Lpl6 
3 1  
3 0 5  
3 0.5 
3 0.5 
4 0.5 0 0 baepl6 
3 0.5 
a 0.5 
I9 0.3. 0 4 p  I6 
13 I 1opZ1 
3 1.7638 [ \ X 0 3  
13 i l o p 2  

1 
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TabIe 52- 
Transport data file: data.Lj 

I 1 

16 16 0.08 
16 29 - I  
1 4 0 9 9 0 0 0  
t3 12 
24 8 0 0 - O S 1  0 0 
1 0.5 6 0.5 o 0 0 20.5M-I beam1 
1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
6 7 S J  
6 6 13 12 
6 7 11.7 19 
19 4.178 1.6009 J7OS 
3 0.1111 
6 7 8.5 19 
19 0.25 0 ssl) 
20 - 10 mi0 I 
3 0.2 
5 0.2 10 100 qlpO2 
3 0.2 
5 0.2 -10 100 q2p02 
3 0.' 
3 0.1 
Y 3  
5 0.2 S. 1775 1 0 0  qr9pOl 
3 0.2 
2 - L  1.15 0 
40.5 -0.5571S2 0 brn9pO2 
2 -11.15 0 
3 0.2 
5 0.2 -7.7165: :OC $ 9 ~ 0 2  
3 0.2 
9 0  
5 0 . 2  S.17775 !00 qi9pOl 

4 0.5 0.513207 0 bsep08 
2 10.515 0 
3 0.3 
9 3  
5 0.2 -6.332Y 1 0 0  aiYpl8 
3 0.1 
5 0.2 7.5213 i o 0  qd9p08 
3 0.2 
2 i1.15 0 
J 0.5 0.537132 0 brn9pc)S 
2 11.3  0 
3 0.3 
9 0  
3 0.1 
5 0.2 5 . 5 0 6 3  100 ql@S 
3 0.1 
5 0.1 -5.27972 100 q'@S 
3 0.2 
5 0.2 4.82671 100 q3pO8 
3 0.2 
5 0.2 0.06-!173 100 q4p08 
13 I iop9 
3 3.5 
19 0.3 0 sii0j 
3 3.5 
19 0.3 0 sZi05 
3 3.5 
19 0.7 0 s3i05 
3 2.35 ivzOl 
13 1 iopl0 
19 0.1. 1.7 s3p10 
3 0.25 
I 1.4 0 0 Lpl0 
3 1  
3 0.5 
3 0.5 
3 0.5 
4 0.5 0 I1 bscplO 
3 1  
19 0.2 2 sap10 
13 I ioD23 
3 1  
3 1  
3 1  
19 0.2 1 s l l l i  
3 1  
3 1  
3 1  
19 0.2 0 5 3 1 7  

3 1  
3 1  
3 1  
19 0.2 0 531 17 
? I  

RL'M 00-2927 



Table 53- 
Transport data file: dataL6 

~ D1ag.K L:ne a 
0 
15 I I bieV/C 0 . 0 0 1  
I? 3.1 
163 I 
16 6 -0.SjI 
16 16 0.08 
16 19 - 1  
2 1 0 9 ' ) 0 0 0  
13 12 
14 9 0 0  -0.851 0 0 
I 0.5 6 0.5 ti 0 0 10.5W berrml 
1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

3 0.2 3 1  
5 0.2 0.06473 100 q4pOS i 19 0.1 2.4 54036 
3 :.5 
19 0.2 0 sli05 
j 3.5 
19 0.2 0 s2i05 

3 . i  
19 0.2 0 s3iOS 
3 2.35 IvzOl 
13 I !aplO 
19 0.2 L.7 G p l 0  
3 0.15 
1 1.4 0 0 bplU 
3 1.5 
1 0.3 0 0 bsepl0 
3 1  
19 0.2 2 sJpl0 
3 3  
19 0.2 I r l i 1 7  
3 3  
19 0.2 0 s2i I7 
3 3  
19 0.2 0 s3i17 
3 1  
3 3.7756 lvzO5 
I3 i lop34 
5 0.2 -3.2 1 0 0  q I p3-l 
3 0.2 
5 0.2 4.2 IM) u 2 p 3  
3 0.6 
5 13.2 3 100 q 3 p 3  
: 0.' 
5 0.2 -5.5 loo yJp2-l 
3 0.75 
Y 4  

5 0.2 3.5712 L O O  qd6p34 
3 0.2 
2 -SA375 0 

1 
t 

1 
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Table 55- 
Transport data file: dara.LS 

0 
I5 1 1 !4CVlC 0.001 
13 1.1 
1 6 3  I 
16 6 -0.S51 
16 16 0.08 
16 29 -I 
21 0 9 9 (1 0 0 
13 I 2  
24 8 0 0 -0.S.51 0 0 
I 0.5 6 0.5 6 0 0 20.3344 k a m l  
1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

2 2.35 ivz0l  
13 I iopl0 
19 0.2 1.7 n3p10 
3 0.25 
4 1.4 0 0 k p l 0  
3 2.5 
1 0.5 0 0 bsep 10 
3 1  
19 0.2 2 s4plO 
3 3  
19 0.2 1 jii17 
3 3  
19 0.2 0 j2i 17 
3 3  
19 0.2 0 s3il7 
3 4.7756 lvzO5 
i j  1 iop34 
5 0.2 -3.2 100 qlp3.4 
3 0.2 
5 0.2 4.2 1 0 0  q2p34 
3 0.6 
5 0.2 3 1 0 0  q 3 p 3  
3 0.2 
5 0.2 -5.5 1 0 0  q4pj-I 
3 0.75 
9-t 
5 0.2 8.5723 I W  qd6p3-1 
3 0.2 
1 -8,4375 0 

3 0.2 , 
5 0.2 -1 100 yap56 
3 0.4 
9 4  
5 0.2 5.58472 I o 0  qd9p56 
3 0.2 
2 - I  1.3 0 
4 0.5 -0.5X192 0 bm9p56 
2 -11.25 0 
3 0.2 
5 0.2 -9.23701 ID0 qf9p56 
3 0.2 
9 0  
3 0.4 
5 0.2 7.5912 1 0 0  q5p56 
3 0.1 
5 0.2 -10.0587 100 q6p56 
3 0.25 
5 0.2 3.60i2 I 0 0  q7p56 
3 0.2 
5 0.2 -1.9055 I D 0  asp56 
13 i iop57 
3 1.9 
19 0.2 1.4 sli29 
3 1.4 

! 

. ? 0.: 
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FIGURE 8 

FIGURE 9 
FIGURE 10 
FIGURE 11 

FIGURE 12 
FIGURE 12 

The eight beamlins of Diagnostic X starting from the enti of the 
accelerator and converging on the firing point located a global 
coordinates (35.0. 70.0, -5.90) meters. 

Block diagrame of lines 1, 2. 3, and 4 showin2 the stafc and ending 
points and the inter-block spacings. 

Block diagrame of lines 5 ,  6, 7 ,  and 7 showing the SLX-I and ending 
points and the inter-block spacings. 

Three dipole  achromatic bend system with quadrupole uiplet matching 
sections.  Geometry layout above. beam envolope below. Also shown with 
the enveIope is a 1% off-energy particle. 

Dipole  Quadrupole Dipole (DQD) acl-mmatic bend system with quadrcpole 
triplet  matching sections. Also shown with the envoIope is a I% off- 
energy trajectory. 

Four QDQ sections with phase advance pi/?. Achromatic bend with quad- 
rupole  matching secitons. 

The kicker quadrupole septum block. The kicker kicks sections of the 
beam into the straizht ahead line. The unkicked po$ons are deflected 
by the bias dipole of the kicker into the quadrupole septum off axis. 
That bends the beam into a dipole septum that increases the deflection 
to 45 degrees. The beam is then deposited in a beam dump. 

The kicker  quadrupole septum block kicks sections of the beam into the 
straight ahead h e .  The beam phase space and image is shown at the 
exit of the KQS system, IPO5. The beam entering the system has a 
matched radius of 3 crn and is focused to smaIl size by S3 in front of 
the quadrupole septum. 

" 

" 

10 degree  achromatic bend used to set the elevation and pitch an,ole of 
the diagnostic x beamlines. A) the geometric layout sho\%in,o the four 
quadrupoles that match  into and out of the four bend {QDQ) cells, 
B) The beam envelope, horizontal above and vertical below the centsr- 
line. The dashed curve is the beam flutter, thc maximum of .u/y or !/x. 

" 

45 degree  achromatic bend used to set the yaw and pitch angle of the 
beamline 2, 4. 6. and S.  A) The geometric layout shoivins the four quad 
rupoles that match into and out of the four bend (QDQ) cells. B)  the 
beam envolope, horizontal above 2nd verticd bejcw the centerline. The 
dashed curve is the beam fluttrr. the maximum of x/y or !?x. 

" 



- 49 - R M  00-2027 

FIGURE IS 67.5 degree achromatic bend  used to set the yaw index for beamlines 
j-8 with respect to lines 1-4. A)the geometrix layout showing the four 
quadrupoles that match into and out of the four bend (QDQ) cells. 
B) the beam envolope. horizontal above and vertical below the center- 
line. The dashed curve is the  beam flutter, the maximum of x/y or y/x. 

FIGURE 16 -- 
F I G L I  17 90 degree achromatic bend  based  on four fold symmetry of the QDQ pi/? 

phase advance system. A) the geometric layout showing the four  quad- 
rupoles that match into and out of the four bend (QDQ) cells. B) the 
beam envolope, horizontal above and vertical below the cneterline. The 
dashed curve is the  beam  flutter, the maximum of x/y or y/x. 

FIGURE 13 -- 
FIGURE 19 90 degree hcker achromatic bend. The kicker and dipole septum form 

first cell of the 4 cells. A)bem line plot, location I starts the 
block, Iocaiton 5 ends the  block at the exit of the last quadrupole. 
B)Geometry showing the  kicked 90 degee bend and the unkicked straight 
ahead beamlines. 

FIGURE 20 Kg0 block showing the unkicked beam trace and geometry layout. 

FIGURE 21 Transverse beam size for the  kicked and un-kicked beams showing size 
and centroid dispiacements. The septum of the K90 block and vacuum 
walls of the vessiI  must be in the space between the two beams. 

FIGURE 22 Achromatic breakout  from the accelerator hall showing blocks A90 and 
KQS. A)The geometric layout showing the four quadrupoles that match 
into and out of the four bend (QDQ) cells. B)The beam envelope, 
horizontal above and  vertical  below  the centerhe. The dashed curve 
is the beam flutter, the  maximum of x/y or y/x. 

FIGURE 23 -- 
FIGURE 2 1  Timing of beamlines I through 4 fired in sequential order. A)division 

of the 2usec accelerator pulse. 3)arrivaI time profile for burst 1. 
C)arrival time profile for burst 2 D)arrival time profiIe for burst 3 
E)arrival time  profile  for burst 1. 

FIGURE 25 Timing of beamlines 5 through 8 fired in scqusntial order. Xldivisior! 
of the 2usec acceIerator pulse. B)srrival time profile for burst 1. 
C)arrivaI time profile for burst 2 D)arrivaI time profile for burst 3 
E)arrivaI time profile for burst 4. 

FIGKRE 26 Beamlines I through 4 can be switched in any one of -! 
clrrivd time of the four pulses at their respective targets is 
controlled by that sequence. the lenzth and therefore the transic 
time of the lines. and the selected pulse lensth. T'nsse 24 sequences 
are shown on the following four pages, six sequences per pase in the 
order given in table 31 dons with the time span for  that squence. 
The minimum time is for sequence 3 4 2 1. 
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FIGURE 27 

FIGURE 25 

FIGURE 29 

FIGURE 30 

FIGVRE 31 

FIGURE 32 

FIGLRE 36 

Beamlines 5 through 8 can be switched in any one of 4 
arrival time of the four pulses at their respective targets is 
controlled by that sequence, the length and therefore the transit 
time of the lines, and the selected pulse length. These 24 sequences 
are shown on the following four pages, six sequences per page in the 
order given in table 32 along with the time .span for that sequence. 
The minimum time is for sequence 8 7 6 5 .  

Timing beamlines 1 through 3 fired in 
2usec accelerator pulse. B)arrivai time 
time profile for burst 2.  D)amval time 
E)arrival time profile for burst 4. 

Timing beamlines 5 through 8 fired in 
2usec accelerator pulse. B)arrival time 
time profile for burst 2. D)arrival time 
E)arrival time profile for burst 4. 

sequence 3421. Aldivision of the 
profile for burst 1. C)arrival 
profiIe for burst 3. 

sequence 5763. A)division of the 
profile for burst 1. C)anival 
profile for burst 3. 

Kicker firing sequences for A)minimum arrival times at the firing 
point, B) numerically sequencial order, and C) sequeces giving maximum 
number of  septum tranversals. 

Beamline 1 geometry plot form the exit of the accelerator to the 
firing point. Circles of 2 and 5 meter radius are shown at the fifing 
point for reference. The firing point is located at global coordinates 
35.0. 70.0, -5.90 meters from the LLNL origin. 

Bcamline 1 showing the horizontal and vertical beams overplotted on 
the upper  frame. Only one line is seen where the beam is round x=y=j. 
Tie firing point is located at IO point 15. The beam phase space and 
spot size at the X-ray converter target located at IO location I4 is 
also shown. IO 14 is indicated at the top of the envelope plot. 

Beamline 1 plot with horizontal beam above and vertical beam below. 
Dashed curve is the beam flutter, the maximum of x/? or ,V/L 
Kicker KQS follows IO poinr 4, kicker K90p08 follows IO 8, kicker 
K90p10  follows IO 10. The firing point is located 3t IO point 15. 

Beamline 2 geometry plot form the exit of the acceIerator to the 
firing point. Circles of 2 and 5 meter radius are shown ;It the firing 
point for rcfcrence. The firing point is located at slobai coordinates 
35.0. 70.0. -5.90 meters from the LLNL origin. 

Bsamiine 2 showing the horizontal and vertical beams overplotted on 
rhe upper frame. Only one line is seen where the beam is  round x=y=3. 
T'x firins point is located at IO point I I .  The beam phase s p x z  and 
j p t  size at the X-ray converter target located at IO l o c ~ i o n  10 is 
a i m  shocvn. IO 10 is indicated at the top of the envelope plot. 

Seamline 2 piot w i t h  horizontal beam above and verticnl b a r n  bsloiv. 
Dashed curve is the beam flutter. the maximum of .u/y or yix. 
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Kicker KQS follows IO point 1, kicker K90p08 follows IO 4, hcker 
K90p10 folIows IO 6.  The firing point is located at IO point 11. 

FIGURE 3'7 Beamline 3 geometry plot form the exit of the accelemor to the 
firing point. CircIes of 2 and 5 meter radius are shown at the firing 
point for reference. The firing point is located at global coordinates 
35.0, 70.0, -5.90 meters from the LLNL origin. 

FIGURE 35 Beamline 3 showing the horizontal and vertical beams overplotted on 
the upper frame. OnIy one Iine is seen where the beam is round x=y=j. 
The firing point is located at IO point 15. The beam phase space and 
spot size at the X-ray converter target located at IO location 14 is 
also shown. IO 14 is indicated at the  top of the enveIoplz plot. 

FIGURE 39 Beamline 3 plot with horizontal beam above and vexicd beam below. 
Dashed curve is the beam  flutter, the maximum of x/y or y lx .  
Kicker KQS follows IO point 4, kicker K90p08 foIlows 10 6. kicker 
K90p10 folIows IO 8. The firing point is located at IO point 15. 

FIGURE 40 Beamline 4 geometry plot form the exit of the accelenrar to the 
firins point. Circles of 2 and 5 meter radius are shown at the firing 
point fur reference. The firing point is located at global coordinates 
35.0, 70.0, -5.90 meters  from the LLNL origin. 

FTGURE 41 Beamline 4 showing the  horizontal and vertical beams overplotted on 
the upper frame. Only one Iine  is seen where the beam is round .u=y=5. 
Tine firing point is located at IO point 15. The beam phase space and 
spot size at the X-ray converter target located at IO location 14 is 
also shown. IO 14 is indicated at the top of the envelope plot. 

FIGURE 42 Beamline 4 plot with  horizontal beam above  and  verticaI bean below. 
Dashed curve is the  beam  flutter.  the maximum of xly  or y/x. 
Kicker KQS follows IO point 3, kicker K90pOS follows IO 7, kicker 
K90p10 foIlows IO 10. The firins point is located at IO point 15. 

FIGURE 43 Beamline 5 geometry plot form the exit of the accelentor to the 
firing point. Circles of 2 and 5 meter radius are shown 31 the firins 
point for reference. The firins point is located at gIobaI coordinates 
35.0, 70.0, -5.90 meters from the LLNL origin. 

FIGLRE 41 Beamline 5 showing the korizontal and vertica1 beams overpiottsd on 
the upper frame. Only one line is seen where the beam is round x=y=3. 
The firing point is located at IO point 13. The beam phase space and 
spot size at the  X-ray converter tarzet located at IO iocation 13 is 
also shown. 10 12 is indicated at the top of the envelops plot. 

FIGURE 45 Beamline 5 plot wiEh horizontal beam above and verticaii beam below. 
Dashed curve is the beam flutter. the maximum of or y/x. 
Kicker KQS follows IO point 3. kicker K90pOS follo~vs IO 7 .  kicker 
K90p10 foIlows IO 4. The firin: point is located x IO point 15. 
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Beamline 6 geometry plot form the exit of the accelerator to the 
firing point. Circles of 2 and 5 meter radius are shown at the firing 
point for reference. The firing point is tocated at globai coordinates 
35.0, 70.0. -5.90 meters from the LLLNL origin. 

Beamline 6 showing the horizontal and venical beams overplotted on 
the upper frame. Only one line is seen where the beam is round x=y=j. 
The firing point is located at IO point 15. The beam phase space and 
spot size at the X-ray converter target located at IO location 14 is 
aIso shown. IO 14 is indicated at the top of the enveIope plot. 

Beamtine 6 plot with horizontal beam above and vertical beam below. 
Dashed curve is the beam flutter, the maximum of x/y or y lx .  
Kicker KQS folIows IO point 4, kicker K90p08 follows IO 8, kicker 
K90p10 follows IO 10. The firing point is located at IO point IS. 

Beamline 7 geometry plot form the exit of  the accelerator to the 
firing point. Circles of 2 and 5 meter radius are shown at the firing 
point for reference. The firing point is located at global coordinates 
35.0, 70.0, -5.90 meters from the LLNL origin. 

Beamline 7 showing the horizontal and vertical beams overplotted on 
the upper frame. Only one line is seen where the beam is round x=y=j. 
The firing point is located at IO point 15. The beam phase space and 
spot size at the X-ray converter tarset located at IO location 14 is 
also shown. 10 I 4  is indicated at the top of the enveIope plot. 

Beamline 7 plot with horizontal beam above and verticai beam below. 
Dashed curve is the beam flutter, the maximum of x/y or y/x. 
Kicker KQS follows EO point 4, kicker K90pO8 follows IO 8, kicker 
K90p10 follows 10 10. The firing point is located at IO point 15. 

Beamline 8 geometry plot form the exit of the accelerator to the 
firing point. Circles of 2 and 5 meter radius are shown 3t the firing 
point for reference. The firing point is located at global coordinates 
35.0, 70.0, -5.90 meters from  the LLNL origin. 

Beamline 8 showing the horizontal and vertical beams overplotted on 
the upper frame. Only one line is seen where the beam is round x=y=j.  
The firing point is located at IO point 15. The beam p h x s  space and 
spot size at  the X-ray convertsr target located at IO Iocation 24 is 
also shown. IO 24 is indicated at the top of the envelope plot. 

Beamline 8 plot with horizontal beam above and vertiwi beam below. 
Dashed curve is the beam flutter. the maximum of x/y or y/x. 
Kicker KQS follows IO point 4, kicker K90p03 follows IO 8. kicker 
K90p10 follows IO IO. The firing point is locatzd at IO point 15. 

Four beamlines, 1. 3,. 3, and 4 of Diapostic X starting from end of 
the accelerator and converzin: on the firins point. 



FIGURE 56 Four beamlines. 5, 6. 7, and 8 of Diagnostic X starting from end of 
the accelerator and cowergin: on the firing point. 



100 

80 

60 

40 

20 

0 

0 20 40 60 80 

t -  

Seven unique block types 

i,+; , .. ACCEL 90" breakout 

810 - 10' bend 

E45 - 4Y bend 
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DIAGNOSTIC X 
Beamlines 1-4 of 8 

DX1 24 

Made from six uniaue Block tmes ~~- ~ ~ ~~~ 

1 ) ACCEL 90 degree break-out, A90 
2) 10 degree achromatic  bend, 81 0 3 

Line2 845 roll -14.00189 d, B(kg)=-0.273746 
1 Line4 645 roll 14.00200 d, B(kg)= 0.27375 

3) 45 degree achromatic  bend, 845 2 

4) 90 degree achromatic  bend, 890 2 

5) Kicker  Quadrupole  septum, KQS = ‘I 
6 )  Kicker+SOd achromatic bend. K90 n 3 

inter-Block smcing 
IB 1 = 
IB 2 = 
IB 3 = 
IS 4 = 
IB 5 = 
IB 6 =  
I B 7 =  
IB 8 = 
I 8  9 = 
1B 10 = 
tB I1  = 
IB I2 = 
IB 73 = 
18 14= 
IB15= 
I6 16=  

0.5611 h 
1 .OOOO m 
0.5000 m 
9.2002 m 
13.4500 m 
4.2893 m 
5.7175 m 
12.3689 m 
6.4610 m 
5.8160 m 
2.7570 rn 
3.4912 m 
5.7160 rn 
4.5235 m 
6.2510 m 
5.5590 rn 

LC 1 = 100.6551 m 
LC 2 = 96.6942 m 
LC 3 = 102.2822 ~YI 
L c 4 =  114.5085 m 

ING POINT 

I Line 1 
<-- Re lace B90 

ss3A with K t0  (lines 5..8) 

Point Lc(rn) Xg(m) Yg(rn) Zg(m) Yaw(deg) Pitch(d) 
1 3.3270 0. 0. 3.3270 0. 0. 
4 15.7381  8.6042  -1.5171 8.5749  90.0012  -9.9999 
7 33.2481 25.9379 -3.6994 8.5745  90.0012 0.0002 
8 42.4483  35.1381  -3.6994 8.5743  90.0012 0.0002 
10 67.2482  42.7740  -3.6995 27.3713 0. -0.0002 
16  60.8671  53.5570  -3.6994  8.5739 90.0012 0.0002 
22 w . 1 ~ 4 9  62.3648  -3.6993  8,5738  90.0012 0.0002 

X-ray Converter Targets 
ss3 14 98.6551 68.0304 -5.5531  35.0066  90.0012  -10.0000 

20 94.6942  68.6073  -5.5627  33.6073 45.0003 -10.0001 
26 100.2822 70.0007  -5.5528  33.0304 0. -1 0.0004 
32 112.5085  71.3928 -5.5528 33.6077 -45.0010 -10.0005 

ACCEL ACCEL 
Firing Point 

Kickers Dipoles Quads Solen Length Start-Target 
Line1 2 ? I ; :  13 ; 97.3281  97.2716 

Line3 1 9 
93.3672 52.4140 

26 
tine4 0 9 32 6 111.1815  42.0903 

98.9552  39.3735 

Totals-> 4 47 154 33 ( 238 ) 231.1494 

Line2 1 

FIRING POINT 
TotalL(rn) Point Xg(m) Yg(m) Zg(rn) Yaw(dsg) Pitch(d) Color -2 0 99 99 

Line 1  97.3281 FP 14 70.0000  -5.9004 35.0066 90.0012  -10.0000 Color -3 0 99 0 
Line 2 93.3672 FP 20 70.0000 -5.9100  35.0000 45.0003 -10.0000 Cofor -4 80 80 80 
tine 3 98.9552 FP 26 70.0006 -5.9001 35.0000 -0.0000 -10.0003 Color -5 80 90 90 

Line 4 11 1 .la15 FP 32 70.0000 -5.9001 35.0004 -45.0010 -10.0004 
Color -6 90 70 90 
Color -7 90 90 50 

/eXport/worWacpauUdiagx/dx 12 
data.layout 

01/08/00 A.C.Paul 
30-Mar-00 

Figure 2) Block diagrame of lines 1 ,2 ,  3 ,4  showing the start and ending points and inter-block spacings. 



DIAGNOSTIC X DX1 28 
Beamlines 5-8 of 8 

16 1 = 
IB 2 = 
IB 3 = 
IB 4 = 
I 6  5 = 
IS 17= 
16 18 = 
IS 19= 
I6 20 = 
I 6 2 1  = 
IB 22 = 
I 6  23 = 
I8 24 = 
I8 25 = 
1B 26 = 
I6 27 = 
I6 28 = 
I6 29 = 
IB 30 = 

0.561 1 h 
1.0000 rn 
0.5000 m 
9.2002 rn 
13.4500 rn 
14.3756 rn 
5.0550 rn 
4.7000 m 
5.7160 m 
23.8000 m 
5.953 rn 
7.3192 m 
5.5590 m 
2.7722 m 
4.1656 rn 
5.7200 m 
4.5289 rn 
6.9273 rn 
5.5600 rn 

Made from seven uniaue Block types 
1 ) ACCEL 90 degree break-out, A90 
2) 10.0 degree achromatic  bend, B10 
3) 45.0 degree  achromatic bend, 845 1 
4)  67.5 degree  achromatic bend. 667 
5 )  90.0 degree  achromatic  bend, 690 1 

6) Kicker  Quad  septum  dumpline, KQS- 3 

7) Kicker+SOd achromatic bend, K90 -1 1 

Line6 845 roll 14.00 d, B(kg)= 0.2738 
Line8 845 roll -1 4.00238 d. B(ka)=-0.273727 1 

- 
Inter-Block sDacing 

'"1 

LC 5 = 136.9449 m 
LC 6 = 184.0928 rn 
LC 7 = 189.5724 m 
LC 8 = 201.9031 m 

I - .  

11111113 
2 

-2 

Line 8 
1629 

Point Lc(rn) Xgtrn) Yg(m) ZQ(m) Yaw(deg) Pitch(d) 
1 3.3270 0.  0. 3.3270 0. 0. 
10  67.2483  42.7740  -3.6995 27.3713 0. -0.0002 
36 103.1288 52.3746  -3.6995 57.6100 67.5008 0.0001 
44  147.4642 88.7424 -3.6995 60.5808 157.5020 0.0002 
50 156.2864 92.1183 -3.6994 52.4301 157.5020 0.0002 

X-Ray Converter Targets 
40  134.9449  69.2503  -5.5529  36.8198  157.5020  -10.0001 

ss3 48 182.092a 70.7537 -5.5528 36.8200 -157.5065 -10.0001 
54  187.5724 71.8196 -5.5535 35.7541 -112.5072 -10.0002 
60 199.8031 71.8193 -5.5529 34.2464 -67.4998 "lO.0000 I62 

ACCEL ACCEL 
Firing  Point 

FIRING POINT 
TotalL(m) Point 

Line 5 133.6179 FP 40 
Line 6 180.7652 FP 48 
Line 7 185.2448 FP 54 
Line 8 798.4754 FP 60 

/expodwork/acpaul/diagxfdx12 
data.layout 

Kickers  Dipoles Quads Solen Length Start-Target 
Line5 2 ; I:: 8 133.6179  61.4145 
Line6 1 10  1ao.7652  72.7084 
Line7 1 26 5 t86.2448 37.1526 
Line6 0 9 32 4  198.4754  39.9686 
Totals-> 4 44 142  27 (217)  21 1.2440 

Xg(rn) Ydm) Z g m )  Yaw(deg) Pitch(d) Color -2 0 99  99 

Color -5 80 90 90 

Color -8 0 0 99 
Color -7 90 90 50 

70.0040 -5.9002 35.0000  157.5019 -10.0000 Color -3 0 99 0 
70.0001  -5.9001  35.0003  -157.5060  -10.0000  Color -4 80 80 80 

Color -6 90 70 90 70.00oo -5.9008  35.0001 -I I 2.5070 - 10.0002 
70.0001  -5.9002 35.0001 -67.4998 -10.0000 

01/08/00 A.C.Paui 
29-Mar-00 

Figure 3) Block diagrame of Iines 5 ,  6, 7, 8 showing the start and ending points and inter-block spacings. 



DDD achromatic ben 
Global Survey C o o r d  

0 2 4 

d 
i nates 

SPC: 2QOO.0000 Amperes 
emlt 0.423 0.423' cm-rnr 

L L  
6 8 1 0  1 2  1 4  1 6  

6- - 6 

- - 
4 -  I 4 

- - 

2- - 2 

- - - 
cn 

W 

Q) 
E 

x 

L 0 0 -  

u 

- 

Y 

- I 

-z -2 - - 
- 

I 

-4 -4 - I 

I - 

-e - - -6 

- I 

-8 -a - - 
- 

I I 1 I I I I I 1 I I t  I I I I I I 
- 

0 2 4 13 8 1 0  7 2  14 1 6  
L 

Z< meters) 

REOI: 1 
RUNI: 4 Ioxpo-orWaopauL/dlagx/dxl Z apt-: amb.dqd 
PLOT: 36 

R U N : O O Z B M a c  at 1 s:o6:oa 

0 1  /31/00 
DDD achromatic bend 
zranqar 0. i4.5430 m 

P - 20.50a4 Mev/C 
S P C :  2000.0000 Amparas 
emlt 0.423 0.423 um-mr 

1 

Figure 4). Three Dipole achromatic bend system with quadrupole triplet matching sections. 
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Figure 5 )  Dipole Quadrupole Dipole achromatic bend system with quadrupole triplet matching sections. 
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Figure 6 )  Four QDQ sections with phase advance pi/2. Achromatic bend with quadrupole matching sections. 
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Figure 7) The kicker quadrupole septum block. The kicker kicks sections of the beam into  the straight ahead line. 
The unkicked portions are deflected by the bias dipole of the kicker into the quadrupole septum off axis. That 
bends the beam into a dipole septum that increases the deflection to 45 degrees. The beam  is then deposited in 
a dump. 
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Figure 8) The kicker quadrupole septum block kicks sections of the beam into the striaght ahead line. 
The beam phase space and image is shown at the exit of the KQS system, P05. The beam entering the system 
has a matched radius of 3 cm and is focused to small size by S3 just infront of the quadrupole septum. 
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Figure 13.45 degree achromatic bend used to set the yaw and pitch angle of the beamline 2,4, 6, and S. 
A) The geometric layout  showing the four quadrupoles that match into and out of the four bend (QDQ) cells. 
B) The beam envelope, horizontal above and vertical below the centerline. The dashed curve is the beam flutter, 

the maximum of x/y or y/x. 
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Diagnostic X Timing 
rise fall / pulse1 pulse2 pulse3 puke4 (nsec) 
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Figure 24) Timing beamlines 1 through 4 fired in sequential order. A) division of the 3usec accelerator pulse. 
B) arrival time profile for burst I. C) arrival time profile for burst 2. 
c )  arrival time profile for burst 3. D) arrival time profile for burst LC. 
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Figure 25) Timing beamlines 5 through 8 fired in sequential order. A) division of the 2usec accelerator pulse. 
B) arrival time profile for burst 1. C) arrival time profile for burst 2. 
c) arrival time profile for burst 3. D) arrival time profile for burst 4. 



Figure 24)  Beamlines 1 through 4 can be switched in any one of 4! sequences. The arrival time of the  four pulses at their 

respective targets is controlled by that sequence, the Iength and therefore the transite time of the lines, and the 

selected pulse length. These 24 sequences are shown on the following four pages. six sequences per page in the 

order given in table 3 1, along with the time span for that sequence. The minimum time is for sequence 3 4 2 1. 
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Figure 27) Beamlines 5 through S can be switched in any one of 4! sequences. The arrival time of the four  pulses at their 

respective targets is controIled by that sequence, the length and therefore the transite time of the lines, and the 

selected pulse length. These 24 sequences are shown on the following four pages, six sequences  per page in the 

order given in table 32, along with the time span for that sequence. The minimum time is for sequence 8 7 6 5.  
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Figure 25) Timing beamlines I through 4 fired in sequence 3421. A) division of the 2usec accelerator pulse. 
B) arrival time profile for burst 1. C )  arrival time profile for burst 2. 
c) arrival time profile for burst 3. D) arrival time profile for burst 4. 
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Plot of the Beam Sigma Matrix 14: IOPTAR ( 655) LC=100.2822m 
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Plot of the Beam Sigma Malrix 14: IOPTAR ( 691) I-C=l12.5085m 
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